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Ml all nthrr Itrain lh*'* o| nnlM'^trs fonmiiul o»i a 
(‘Ih'inical a iitiinltn n| no\rltirs liavt* arisen in 

ronnr< ti(»u \Mfli fuamrl-niakiiii: tin* jmi.hI f(*\v 

\a‘ar> If \\<>mI»| .it llir '^laiUM* aj>|M'ar a<lvisahli* 
t(i lia\«‘ ini'hiili‘«| ilux* uo\fltH‘H. (»ti an »’\ti‘n^iv(‘ scah*. 
in rcvisin;j ilw pfi M iM work kir tlii^ ihinl (<H’nnan) 
iMlition , Itiii. a> ii<i\i |t\ is not always synonymous 
wifli iinpi nyriiirnt. fin* author has |ir(‘fcrn*<l to 
r«‘s(ri(t him''«'|f to sii<‘h n| tin* sfiid imvclfirs as 
havo (honimI rrliahic wIn n li'strd, his |)iinrijuil flnsirn 
la*in;4 to maintain < him isna ss ami l»ro\il\ in dralin^^ 
v\ilh Ills niatiTials ijualitn's imlisjMMis.ihk* to a lu>ok 
nitcmh^l to a( l as ,i n^rful ad\i's«*i to iho practic^il 
man. 

rhoiT Jirr tw(* fjiiontions of j^urat im|M>rt4inc(» to 
the enamel manuIai tiiM r J'"- ( oneeriis the means 
vvherehy the ( «insiiinj)i ion fuel may la* I'edmaai to 
a minimum . the other i-elates to the rleeonition of 
white iMiainel articles Ik'uli these |)ointa have Iweii 
consiilertsl on an ext(*mle<I scale in the prcHtuit 
(ali^ion, ami the |»ractieal fnan will he able to form 
a*Honml o)anion on the nature of the ciIhc from the 
information ^i%<*tK 

Having rt*<eiv«M| gratifying te.Htimony from. many 
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ex[M!rtM a# to th^ reliable advict^ on the prejiaration 
and im* of c^imniels affonled in tlie mrlier editioin^, 
the 'author ban not ^oeally altere<l the arranjitement 
and treatment the ditlerent s4‘ctionh in revisinir the 
prenimt edition, the mldition-i lie eonsiden*d niH eNsary 
iM'in^' mainly contined to inetlnHls of tirin)^' ami \o the 
<lei*oratif)ii of the tiniHhed enamelled wan*; and he 
irustH that the new (‘dition will'iieet the >gime taNour- 
able ree«‘ption an alivad\ ae<‘ordt‘d to the work. Any 
information relatin;,^ to mwrlties in the domain of 
the enamel induntry will Im* thankfiillv reet i\(*d and 
utilined tdi the eominon wial in jtiej»,iriim a tntnre 
nlition. 
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ENAMELS AND ENAMELLlNd. 


I. 

TNTRODUCTLON 

The art of covorin^^ inctallE and otlra* articlos with a 
coatin^^, mostly composed of some coloured ^daze, is one of 
considerable antiquity, and appears to have loni;' Ix^en practised 
by the cultivated peoples of Eastmai Asia, viz., the (Chinese 
and Japanese. How loni( this .same art has been known to 
Europeans cannot be (h'Hnibdy stated, but that th(' practice 
has b(‘(m in vo^mio foi* s(nei‘al c(aituri(\s is (‘videnced by the 
presence, in difierent Europi^an museums, of variously coloured 
specimens of enamelhsl work, most probably <‘xecuted by 
Byzantine -artists. 

Ancient records and the discov(‘ries mad(^ in E^^yptian, 
Grecian and Italian ruins, atibnl ph'iity of evidmice that the 
ancient Egyptians w«¥’e acquainted with coloured <i,-lassos and 
enamels, and knew how to manufactun^ them in various 
shades, which knowled^-c^ appear.s^also to have been shared 
by the Greeks, who in many of the arts and sciences were 
pupils of the Egyptian.s. Thuj^ Democritus of Abdera, who 
flourished in the fifth century before our era, is said to have 
discovered how to make imitation emeralds, and therefore 
must ‘have been acquainted with the materials used for 
imparting a green coloration to glass. 

The Roman, Pltny, to wliom we are indebted for his com- 
pilation on the condition of the natural science and techniicai 
• ( 1 ) 
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kiiowlod^^c of the makes repeated iiemtion of coloured 
^lass, and stat(^s that perfectly colourless ^lass, approachinjf 
rock crystal in cl('arn(‘.ss, was h(‘ld in the hi^diest, estima- 
tion. • 

The materials em])h)yed hy the ancients for colouring glass 
and enamel w<‘rc precisely the same as those used, at the 
pr(‘s(‘nt tim(‘, the chemical analysis of antique coloured glasses 
and liuxes showing that ns*! was piioduced by cupiDUS oxide, 
gr('(;n hy cupric oxi<h‘, ami blue by means of cobalt. To 
what (extent th(‘ devt'lopimmt of tli(‘. art of glass-making luK.l 
attaiiKsl among the anciimts is (ndd(Mit from tin' cii’cumstance 
that thi'Y woiv thoroughly aware of tin.* d(‘Col()rising effect of 
manganes(j oxide on glass coloured gnaai by iron, and made 
use of this body for pui’ifying tlu^ glass. 

Th(' art of manufacturing d(‘Corativ(^ articles, v(‘ssels, 
wc'apons and (»ther objects, had already attaimsl a high degree' 
of p('rf('ction in tin* Ori(‘nt at the time' when tlu‘, (h’usades 
brought Kuropt'ans int(» closer contact with the inhabitants 
of Wi'stt'i’ii Asia; and it was most probably thi'ough the 
(h’usaders ri'turning from the Holy Land that these' arts first 
became domiciled in France and Italy. . , 

A stimulativ(‘ effect on the knowledge' of tin; art of making 
glass and enanu'l was exe'rcist'd by the (h'welopment of alchemy, 
the lollowi'i’s oi which science discova'WMl, as a kind of by- 
product, mi'thods of pr(q)aring differently coloured glass fluxes 
in the slag tlu'y only too fAspiently obtained in place of the 
gold anticipatc'd. 

The first precise' indications on tin' means of imparting 
colour to glass fluxes weve given by the alchemist Porta, in 
his work Maijia NatumliH (15()7), which contained sundry 
recipes on this subject. Moreover, the art of making enamels 
had already at that time arrived at a high degree of emim^ice 
in Italy, evidence of which is afforded by«still existing glass 
mosaics of the period, the work of Venetian artists. 



iNTRODrrrioN 


8 


Information on tlu‘ production of ciiiimclled articles in 
particular was aKo ^dven l)y l\)rta, as well as by a con- 
b'mporayy alchemist 1^ Palissy, the lattn* in his work De 
fart (U trrrr. It is probable that tlu' us(*of tin had been 
koiown already in (^arlier tinu's as an important constitmmt 
of varidis enaimds, the anci('nt (Irecks and Konians having 
been well ffccplainted witli this nodal, which wa^' obtained by 
the Ph<enil‘ians from Ih-itftin. 

Whilst U]) to the bi'^dnuini^^ of tli(‘ present cmitui-y th(‘ us(‘ 
of coloured ^dass iluxi's and taiaimds was coiitined to the 
d«‘(‘oi'ation of articles of value' and j(‘W(‘ll(‘ry, in moi’e recent 
times an imlusti'ial apjilieation has bei'ii found foi' enann'l, 
as a coatin^r for iron to enabh* the iiH'tal t<i withstand tJie 
inlluence of chenneal rea^omts In this connection specially 
<^ood S(‘i'vice has bei'U rcndi'red by Pleisehl, of \ ienna. It 
should not b(> fori^o)tt»‘'i. howev(‘i\ that a spiu'ial, th()Ui;'h some- 
what j'l'sti’ietcd, industrial ap[)lication of (‘name! has (existed 
foi' a considei’abh* tinir, namely the enaimdlin^ of clock dials, 
which o|)(‘rati(^n consists in coatin<( a metallic (i^em'rally 
coj)p(‘r) substratum with a whiti* (fused) enamel. 

In addition to ('ov(*i*in^^ domestic ut('nsils (saucepans, etc.), 
and V(\ssels foi‘ the manufacture of elu'inical prepaivitions, 
enamel is now fre(|U(‘ntl} used for coatin^^ the tubes of 
locomotive and mariiw' boilers, water-pip('s, and iron stov(;s 
(which thereby ac<[Uir(‘ the (‘xtei'iial appiairancc of tinc' j)orce- 
lain), as well as foi- various other jfurposes. The circumstance 
that enamel will not hold except on a surfac(‘ of ^oild, coppei’, 
or iron, which is the i-eason why, its usi' was formerly limited 
to articles mad(' of these metals, is wiow no lon^ei' an impedi- 
ment to its a})])lication to otinw m(*tals, since* by rni'ans of 
eh'Ctro-platin^^ th(3 latter can be covered by a tjiin layei- of 
co})per on which tin* (uiaimd (*an be laid. 

Th(* enaimdlin^^ of iron on a lar^e scale date's back no 
fui-ther than about fifty y<^ars, and those at first en^a^^tid in 
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the industry contrrved to keep tlieir methods secret for a 
considerable tiiiKe Now, however, thou^di many makers 
still lay claim to the possession of special enamelling 
recipes known only to themsclv(‘s, such claims may be 
regarded as intended merely for purposes of self-advertis('- 
ment, since nowadays any one who has studied chemistry 
and has an extensive knowledge of glass-making, is, aft(U' 
careful examination of any enaim^, and aftei’ a' series of 
experiments based on th(' result, in a position to imitate an 
original to perft'ction, and to prepare' ('iiamels of thoi-oiighly 
definite' colour, fusibility, etc. 

Chemical knowhslge, howevei’, is not at present so wide- 
spread in industrial circles that one can proceed to describe 
the manufacture of enamels with a presumption that one’s 
heare'rs or reaelei's are* fully ae'epiainted with everything relat- 
ing to the metallic oxide's and glass. Conse'ejuemtly, in oreler 
to adapt the prese'ut work te> the neeels of those who are 
eleficient in a thoremgh kneewh'dge of chemistiy, the autheji' 
conside'rs it impeertant to first give seam' general informatiem 
as to the nature e)f glass and the! propertie's of such metallic 
oxides as twnl employment in the' })repariitions of enamel 
The' necessity for elealing more' particularly with glass arises 
from the nature of the enamels themselves, sin(!e these bodies 
consist of glass which, by suitabhi admixtures, is renelered 
either transparent or perfectly opaepie; this glass forms the 
basis of every enamel, and^is itself really enamel — ’in fact the 
most generally used white enamel — which can be converted 
by the employment of suitable pigments into the various 
coloured enamels. 

The capacity of enamel ^to withstand fluctuations of tem- 
perature and the action of chemicals, is chiefly dependent on 
the constitution of tlie glass basis. One is therefore perfectly 
Justified in saying that no one can make Veally good enamels 
unless thoroughly acquainted with the nature of glass, and 
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ill a position to prt'paiv ^lass inassi's of (lu‘ constitution 
reijuisite for the pur])os(‘ of inakin^r onaini‘l. 

Thi'.raw materials for this purpose may he <livi(]ed#into 
three ^Q’oups • (1) Those re((uired for th(‘ juioduetion of ^lass ; 
(2) those used to (‘onv(‘rt the ^l.iss into an enamel of a ^iven 
eoloui- (3) thos(‘ s(‘rviin^‘ to increase tin* fusibility of the 
product. 
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Ln point of clnonical coiii])ositi()ii (‘vciy i^Hass must lie 
nyanl(‘(l as a mixture of two or mori' salts, there !)eiug, 
n'ally, only oii(‘ (exception to this rule, niz., the so-called 
“ wat('i' ;^dass” which consists ol‘ a siuoio salt. Foi’iiierly 
silica was the only acid Ixxly employcMl to combine with tin' 
basic substance's ))res(mt in i^'lass ; hut at the present time 
hoi’ic acid is also use<l in some' kinds of ^lass, a matter oF some* 
importance in coniuM'tion with the object now in view, ^since 
this last-nanu'd aci<l has consieDrable intimmce^ on certain of 
the pro[)(irties with which i;‘lass is ('iidowed. One result 
of the use of boric acid is that, whe're'as foriiC'rly o'lass could 
be considered as a mixture' eef silicatexs aleene, this point of 
view now re'ipiires me)elilication, acceerdin^^ to circumstances, 
and ^lasse's ceHitainini^ boric acid must be' charactei'isod as 
borosi Heaters. «> 

At one' time' the base's e'lnpleeyesl in o-lass-makiii^^ were few 
in niimbei’, and consisteel sellely of potash, seeda and lime, se) 
that the prexluct ceeulel be' eirtitlcel e'ithcr a silicate' of potash 
and lime, or a silicate e)f so^la anel lime'. Nowaelays, how- 
ever, white' o-lass contains, in aeldition, zinc e^xiele and leael 
oxiele, which are ustul to impart certain, epialities to the pre)duct. 

The' bases just name'd share with magnesia the' property 
of formino- with silica colourle'ss ceempounds which can' be 
melted or fuseel by cx])o.sure to a suitable eleifree' of heat. 
Other boelies, such as alumina, are, it is true, alsei capable of 
(b) « 
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forming' colourlt'ss (‘oinpoiinds with silica, hut art' uot siiitablf 
for ^lass-making — ^thc melting-points of their silicates 
hi^^ier tjian the temperature attainabh' in ^'lass furnaces. • 

In addition to the colourless glasses tlierii is another sei’ies 
exhibiting certain shadt's of colour. The silieati's of iron, 
cobalt, ^copper, man^-ant'se, (^tc , for exanpile, possess hi^dily 
characteristic* • (‘olours, a jeroperty utilisicd in analytical 
chemistry to dett*ct tli^* preseilce of tin* oxidi-s of tlucse 
nu'tals by tluc 'coloration tiny' impart to C(*rtain Iluxc's Ixd'ore 
th(‘ blowpipes 

Tlu' colour of tlnjs(* last-named sili(*at(‘s is so intense* as to 
^■(‘uorally appear (|uit(“ black, the trm* colour oidy becomin^^ 
apparent when tin* pure* silicates ai*t‘ atte'uuated oi* dilutexl by 
a<lmixture with othe'rs that are* colourle*ss. 't’hus, forexamjilo, 
to produce a ylass tinted blue* by cobaltenis oxieh*, a ce)le)urleess 
^lass mass must bo mi\e*d (*ithe‘r with a cobalt ceimpeiunel or 
with a ylass already ehjciily ee)loure*d with cobalt. 

(k'l'tain oxides and othe*i’ ceimpoumls are* insoluble.* ifi ^dass, 
and conseMpie*ntly by the*ir aid ejiie* can conve*rt coloui'leess ^dass 
into a [)e*rfe*ctly white* oi* se*mi-transluce*nt poreelain-like! mass. 
The* Ixidies most freejUe*ntly emiploye*<l for this purpeise* are 
calcium phosphate* (in thee lejrm ol bone* ash) anel tin e)xiehe. 
It is exclusively to this class of ylass that the ejiiameils belong, 
anel on that account, tlney will bee mejre* comple‘te*ly eh'alt with 
later. 

(Hass mav be diviele‘d into tii^e* class(*s, in accoi*dance with 
its chemical compe)sitie>n, /*/:. ^ 

1. (Hass with oine oi’ twee basees of tin* same*, ^rronp : water 
^dass (potassium ainl sodium silicate*). 

2. (Hlass cemtaininy see\eral base*s of elitheremt groups: — 

it. Lime ydass. — Sexla-irme ;;lass or potash-lime ^lass. 

• b. Leael ylass, — -Leael-seidium silicate. 

d. (^oloure*el rlasses • soela-limee ^lass with an addition of 
oxides formin^^ coloured compounds wdth silica 
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4. ()pa{jiie glasses : soda-lime ^lass containiiio' bone ash 
or tin oxide, 

^). ()[)a(jue {‘olounid ^‘lasses: soda-lime ^dass (frequently, 
also mixed with lead ^dass) containing- born^ ash or tin oxide, 
and coloured with metallic oxides. 

(Jlasses 4 and 5 ai-e tln^ kinds with which we haye most 
concei'n, those; of class 4 lormin^’ the white; enaiKcls, whilst 
all the colour(;<l enaimds art* compr^e'd in class 5. • 

The most proniiiu'ut of the ^‘cneral projiertic'S of glass 
is its indiH(‘reiiC(‘ towards clnunicals, and it is precisely thijs 
(piality which is of such importance^ in the industrial employ- 
ment of e;namels. 

With the exce;ption ot hydrolluoric acid and the; caustic 
alkalies, no e-hemical reagent has any apparent inlluence on 
properly constituted glass unless the ex])Osure be pi’olonged 
for years , ceuiseeiueaitlj^ it may rightly be said that glass is 
insusceptible' to chemical inlluence'S, apart from the bodies 
just referred to. This property ol indifference is, howevei*, 
only me;t with in perle'ction in the; potasli-lime glasses, those 
containing lead having an inleTieu' cajeacity e)f resistance; and 
enamels are again infe'rior to the latter, because usiHilly less 
attention is fiestowesl on their possession eef this epiality than 
on their reaely fusibility. 

In connectie)]! with euanie'Is, howev’ev’, one should bear in 
minel the purpose's her which then' are inteneleel. Thus, when 
it is mere;ly a epiestion of enuljellishing an artistic or decorative 
article, then durability bec^unes a relativedy unimportant 
matter, since such article's are ne;ver exposeel to the full 
influence of the we'athein ceen.se^ejuently the comjosition of 
the enamel need neet be specially elesigned with a view to 
ensuring dui-ability or ivsistiiig power. 

On the other hand, the conelitions are elifierent for enamols 
destined to prote;ct the surface e)t metals from the action of 
chemicals, beauty ol eolour being in such event a minor con- 
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siderafcioii in comparison with powm' to withstand external 
influenc<‘s. 

The .property ot resistane(* in both i;lfiss and eiufinel 
entirely depends on tlnoi- eln'inical (*oni posit ion, ])roperly con- 
stituted i;-lass('s b(*ino- ahh' to withstand th(' action of tln^ 
atniosph|ii'(' loi* (‘(“iituries without apprc'ciahh' iiijurv: whilst 
if detective.* ()jdy a V(‘iy hov yeai's will (‘lapse hefoi’c' peeuliai' 
symptoms * 0 ! (h‘compositiyn will Reconu' m.iiiifest the ^das> 
becomes dull, (‘ven opaipie, and thin scales pis'l oil' this occur- 
r(^nce b(ano’ ])rec(‘(i(Ml by ii-id(‘sc(‘nce. The last phenomenon 
is diu! not to the foi’mation of coloured compounds but to a 
special pro|)ei'ty p(,)ss(‘.ssed by extrc'mely thui strata of colour- 
less bodies, and om* that is particularly W(‘il ('Xi'mplitii'd in 
the case of soap bubbh's. AfteJ’ tlu' s(‘));n‘atioii of these scales 
the ^dass appi'ars dull, and exhibits an uiu'ven surfa(‘e. 

This decomposition is tlu' la'sult of tlu' action of atmo- 
spheric carlK)nic acid {carbon-dioxid(‘) which dissolv(‘s a portion 
of the alkali base and libmatt's silica. The subjoim'd analyses 
of the external layers airl inma- poilion of an anti(|U(‘ Homan 
^dass vessid plainly indicate the similaiat}' ladween this de- 
composition and th<‘ W(‘atherin<; of silicate rocks.- — 
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the* most part aftei' exposure to mod(!i at(; warmth. This is 
fre(|Uently obser\'ai)le in the case ol potash ^lass, and is due 
to the formation of an aijueous silicate The prolon<i;^d action 
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of hot water .se(im*s to corrode evioy kind of i^lass to a ^ivater 
or smaller extent ; and, if conjoined with hio-h ])ressiu'e, leads 
to •total decomposition of tht‘ ^dass, which yields up alkali to 
th(i water and llecoim's conv(Tted into an earthy-looking^ mass 
of particularly tieahe- ciystals. 

Alkaline li([uids, and pai'ticulai ly the concentraUd aiustic 
alkalirs, attack ^lass the most, th(‘ first (hfect' produced bein^ 
the formation of innuimevibh^ tiii^i fissures which ^'radually 
(‘xtmid tlu'ouydiout th(^ cmtin' substance' ol' the Liiass. As the 
(aiamels in n'('n(‘ral b(‘lon;4 to the h?ast resistant typo of ^hjss, 
special cai*e must be take'ii not to emiploy (mamelled vessels 
lor h(‘atin^’ solutions of caustic alkalies. 

Tlu' (!fie(‘t proehicesl on ^lass varie's accord! ni^’ to the' i’(*agent 
('iiiploye'd ; and ill this cotnu'ction the following’ I’esults obtained 
by a s(a‘i(‘s of esxpe'i’iments will not be d<‘void of interest, (ispeci- 
ally as they are' alse) n-(!ue‘rally ap})licable' tee e'liamols. 

hi the' case; e)f many kinels e)f o-piss the' eau'r^y e)f the 
re'adie)!! is most pre)ne)unce'el at the e)utset, anel increeases very 
rapidly as the tcmpi'i'ature^ is raised Alkalie's, eve'ii in dilute 
solutieeiis, corroelee ;^iass very eextensi vely, whilst elilute acids 
are lerss ceiri’osive' than water — I'xce'pt elihitii sulphuric aciel, 
which is moi‘e powe'rful than the' latte'i*. Salts containing' acids 
which feirm insoluble compounels with lime', attack ^dass more 
vioore)usly than wate*r ebes, the effect \'arying elire'ctly with 
the' cemce'uti-ation e)f the se)lution— to this class belong the 
salts e)f the' alkali nu'tals Itith suljihurie' aciel, phosphoric acid, 
carbonic aciel anel e)xalic aeuel. Chleerieh's anel niti’ate's, on the 
othe'r hanel, have' but litth' infiuence', the' eiffect eh'cre'asin^r as 
the' se)lutie)ns ai'e' more' highly ce)uce'ntrate'el. 

Idle re'sistine; jeower of le^ael o-lass is unusually small, the 
”lass be'inii’^ attacke'el by substances entirely without action 
on othei’ kinels eif o'lass. Kven sulphuretteel hyeli-o^en or 
aiiimeinium sulphiele is strono* enough te) spedl the transpaivncy 
of Kiael glass, which, under their influence, tui’iis grey from 
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the formation oi lead snlphidi'. Unfortiiiuitely , many enamel 
manufacturers regard tl)(‘ addition of a considerable pro])ortion 
ot lead o'lass as inevita))l(\ ])eini;- of' tin; erroneous opinion Miat 
this i.^ the sole i'ihcacious method of ol)tainhiii a suHieiently 
fusible’product. 

Alth^ue'h it is indisputable, tiuit foi- certain purposes of the 
enamellini,^ •indnistry an addition of lea<l ^dass to the mixture 
cannot be dist)ens(‘<l with.Jt shoutf n(‘V(‘rth('less he ms small as 
possible, and esp(‘cially foi' imamels int(‘nd(‘d for us(‘ on cookine- 
utimsils, lead pieparations beini; undesiral)l<‘ for such ware. 

Anotlua* })oint that cannot be too clos(‘ly looked aft«‘i’ b}’ 
niak(M‘s of enamels is tl»e beha\ ioin* of tlu' ^dass when lieat(sl, 
as it deptmds entiiu^ly on tlie composition of the ^lass mass 
wlu'ther th(‘ (Uiamel coatinif of a cookin;; uti'iisil will J’einain 
unaltensl for a consid(‘i’abl(‘ time oi- will crack or p(H‘l oil 
aft(n’ the articit' has Ixsm a little while in use 

Unhvss com])()S(‘d of sp(‘cially refi'actory mat ('rials, the 
class mass, on ('xp( 3 sure to \ery hich t('mp('ratures, will becomi' 
as thin in consisb'iicy as niod<,'rately conci'iitrated syrut) Tin; 
molten mass Ix^comes thick(M‘ and tliicker in proj)ortion as the 
tempei’atjna' is I'educed, and thus the consist(*nc}" can b(^ 
chanct'd at will by in^^ndatin^ the banperaturi'. 

Wh(*n class is cooled down very (jiiickly, it becomes so 
l)rittle that a slicjit slw>ck is often sullicic'iit to mak(‘ it ci‘ack 
or dy. (jllass prepan'd in this maniK'r is totall)^ urdit lor any 
technical purpos*', careful and pr(ftracted coolinc (anni'alinc) 
at a slow rat(' bcanc m.'cessary, a‘f the sole nn^ans ol attaiiunc 
the reipiisite de^o'et* of elasticity.^ 

Tn the case (jf (‘iiann'ls pi’opei; coolinc is a still more 
important mattei’, owin^ to the lact tliat the metal surfacti 
with whicli the ('iiamel is in such chrsii connection ('xpands 
when wariiK'd and contracts a^ain on ccjolinc ; consisjuently, 
unless the enamel <!s abh* to assimilate to this motion (j 1 t}i(3 
underlyinc metal it vvill inevitably lose its coherence, and in a 

cilwvv.(- m.m Kirill ll\/ iTiiinmenible small cracks 
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When glass is maintained for a considerable length of time 
at a temperatin*(‘ very near to fusing point, the phenomenon 
kif)wn as <le vitrification occurs, the mass becoming dull and 
opa([ue, whilst <ut th(‘ same time its hardness greatly increases, 
so tliat in some instances tlu; glass will strike fire with' steel. 

Th(‘ cause of devitrification is to be sought in tl^y circum- 
stance that, dui'ing the proti-acted transition from the fluid to 
the solid state a portion of* the silicates in the glasssnystallises, 
and thereby imparts a semblance of porcelain to tlu^ wlioh; 
A closer examination of tlu' glass rcAa'.als the presence /)f 
colourless crystals in the coloui-h'ss matiix, the opacity of the 
whol(‘ being the result of a diflei-csicc* of I’efractive power 
between tln^ two, tlu^ degi’ei‘ of which inlluences the appear- 
ance of th(5 glass so that the latbo’ may even seem (piite white. 

Another vcay peculiar pluMiomenon, hitherto uiK'xplained, 
is tlu‘ action of light on glass. It is known from a number of 
casual obsei'vations and moi*(' thorough (‘xperiments that glass, 
on exposui’e to light, either changes in shade if previously 
coloured, oi’, if colourless, ac(|uires a tinge of colour. Thus, 
for (‘xample, glass that has been decolorised by manganese 
com])ounds turns a Ixaiutiful violet sliaih* after 4)rolonged 
exposun; to light. As this is a matter of some importance 
for enamels as well, particularly those' in delic^ite colours, the 
rcisults of the observations made on the colour changes under- 
gone by different kinds of glass, are* now given : — 


Freiifli sheet glass 
(lerman crystal glass 
English sheet glass 
,, crown glass 
Uolgian wiivlow glass 
Phiglish ,, * ,, 

American crystal glass 

Ordinary Amencan glass 


Hctoic Alter 

K.xpo'.un' to Light 


IjIuisIi \yhite . 

Faint green 

liiownish yellow 
Dark green 

White, faint bluish tinge 
Bluish green 


Yellowish 
Bluish tinge 
Yellowish giecn 
Faint purple. 

Dark purple 
I^rownish grei'u.^ 
White purple. 

Faint yellowish green. 
Unchanged. 
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Taken alto^etlpT, t]p‘ fore^oin^ ^eneraj nMiiarks on the 
pro})erties of ^^lass apply (Mpially to enamels; and special 
attention •should a^ain b(i din'cted to the neca^ssity of seleet'fn^^ 
the materials for technical (‘namels, so that flie mass exldbits 
a minimum of susct'ptibility to the action of cle'mieals, and at 
tlie same^time possess(‘s a co<dhci('nt of (‘xpansion suilicii'iit to 
preclude the* risk: of crackinL;- wlum in ust' 



ni. 

HAW MATHKIALS FOR TTIF/MANnFA.OTURF OF 
. FNAMFFS. 

The, r;iw materials worked up into (‘name] an* numerous 
and div((rs(‘ in charact(‘r, tin* pi’oduction of th(‘ vai’ious 
eoloiired (Miamds n(‘c<‘ssitatini^^ the employment of many 
suhstances not ^^m(U*ally used for ^d ass -making*. Tlu^y may 
all, howeva']-, lx; divided into two main classes : tin' L;’(‘neral or 
fundanK'utal mat(e-ials, (‘ssiuitial to (ivery ('uaimd ; and the 
particular suhslaiux's r(‘(|uii‘<‘d to impart e(‘i’tain d(,‘tinite 
(jualiti('s — tusihility and colour — to sp(‘cial kinds of enamel. 
The first class may Im' termed fundamental, ;jnd the second 
su[)pl(mientaiy, materials ; a. third class, of subsidiary materials, 
comprisiii^^ ci'rtain sul)stanc(‘s us(!d in applying' tin** (‘iiamel, 
though not in the actual pnjccss of mauufactuiH' 

Fl'NDA.MKXr \i. Ma'I'KII/AI.S 

Sinty, as has aln^ady h(!en stated, enamels should be 
reckoned as bein^- in the saiH‘ cat(‘^<jry with ^dass, it follows 
that their production necessitates the use of tlu‘ same materials 
as ar(', used in ^dass-makin[,^ . 

Ordinary ^lass (‘onsists, as mentioiKsl above, of soda, lime 
and silica, or potash, linu' and silica, or of mixtures of these sili- 
cates, h^ad silicate, in additi(3n, tormini,^ an important constituent 
of many kinds such as the so-calhal flint j^dass and crystal 
^lass. The small, though inevitable, pi-oportion of extraneous 
impurities such as ferric oxide, may be dismissed from con- 
( 14 ) • 
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sidenition as lutavly aocitUaital, (“specially in tint' wlnt(“ ^lass. 
( oiistMpunitly, the niattn'ials used i‘or making' ydass iiiiist 
contain opt* or other ol tin* ahox (“-iiu'iitioiu'd compounds. 

lie’ matrix ol (*namel must also contai»i a vt'i’x' Hn(*ly 
tlividi'd inhisii)le wlnii* suhstanct*, i^cnoially tin oxid** or hont* 
ash, to repd(‘i' the i^las*^ oj)atpn“ and, as otu* oi* other ol tht'st' 
is an es^('ntml constituent of all (‘iiamels, th<‘_\ must also ht* 
r(*ckoned awionj^ the lumli^mental 1iiat(‘rial.s As tlu* succt‘ss 
ol tilt* resulting ‘product dept'iids (»n tin* suitahilit\' ol thest* 
m;^terials, a more po'cis.* account, of'their projx'rt i(>s and 
method of pr(*j)aration will now Ik* ;^n‘\t‘n 


.S///( (f. 

I his suhstance is oik* ol tin* most, (‘xttuisi vel\’ distrilmt(*d 
h()dit*s mt't with in our pi, met. heiiie not only a main con- 
stitu(*nt ol tilt* rock' {r >/ i^oamtt* ,ind e'n<*iss) rormin^’ tin* 
hi^di(*st and largest mountains m tin* w'orld, hut also occur- 
ring in a pure state in iiumt'rous d<*posits. 

The niin(*ra!s. rock crystal, <|uart/ ,iiid (|uartz sand, 
as Well as IlinI, consist ol almost, p(*rrt*ctly pure silica; as 
tlo also tjn.* min(*ials knowm under the n.niK's of ametliyst 
(vioh*t), citrin (yellow'), smoky to]»a/ and morion (siiioki* brown 
to black), tin* only <idijii\lui (* b(‘in^ tin* minub* proportion ol‘ 
extraneijus matter pn^ducin;; the jiart icular colour in eacli 
{‘as(,‘ 

From the chemical ])oint ol’ vi(*w^ silica is conijiosed of silicon 
(Si) and oxy;^o*n((T) Sitb ddn'fe arc* two allotropic moditica- 
tions of this liody . the crystalline (found almost puia;, as I'ock 
crystal and (piart/), and the amorphoys form — c 7 , flint, hyalite* 
and opal. 

Silica b(‘lon^^s to the* (d.iss of bodies that an* infusibli* when 
luxated alone It is in(*rt toxvards otln*!* substanc(‘s, and is 
unattacked by tin; i^tron^c'st acids ; in I act th<*r<* arc* only two 
bodies capable of actin^^r upon it at all, t l?., hydrofluoric. acid 
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and the alkalies. On boiling (juartz in a solution of caustic 
potash or caustic soda a considerable part of the silica passes 
into solution ; and if silica be fused along with potash, soda or 
an alkaliru; earth (lime) it r(‘adily combines with them to form 
more or h^ss refractoiy compounds (silicates), a reaction on 
which the manufacture of glass and (uiaiiKils is based. 

At the ordinary temperature silica is such a weak acid 
that it can be dis])lac(al from its soluble compounds even by 
carbonic acid, solutions of the so-called water glass (sodium 
silicate) (pn'ckly setting, when i‘,xpos(‘d to the air, to a gelatin- 
ous mass in conse(pumce of the atmosphcTic carbon-dioxide 
causing tin; [)r(.‘ci[)itation of the silica in a hydrated comlition 
(soluble silica) as a voluminous mass. 

On the other hand, at high temperatures, silica, by reason 
of its non-volatility, forms the most pow(‘rful acid known. At 
a strong red Inait it will readily dis)>lace sulphuric, and even 
phosphoric, acid from their respectiv(‘ compounds — a property 
which is often utilised \n glass-making by n^placing the pure 
alkalies by their sulphatic salts. 

ddu! principal varieti(\s of silica coming under consideration 
for our puryos(‘s are (juartz, (pnirtz sand and Hint ; rock crystal 
being tlu' very best of all when available, though as a rule it is 
too costly to be dr(‘amed of as a matm'ial for the manufacture 
of glass or ordinary enamtds. When, however, it is a(|uestion 
of producing a small (piantity of tine (mamel, especially such as 
are required to be of very 'delicate shades of colour, then rock 
crystal should always l)e usell, as it greatly facilitates the work. 

The quartz sand (mcountered in (‘xtensive deposits on the 
shores of rivers, etc., is •usually derived from (juartz-bearing 
rocks that have been broken up and transported by the force 
of water. When the sand is very white it originated in 
quartz rock, and forms an excellent raw material for enamels 
and hue white glass ; and, moreover, req^dres but little pre- 
paratory treatment to i-en<ler it tit for use 
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Quartz sand r(‘sultii)^^ IVoiii thr (K'coniposition of ^ranito 
or gneiss, iiiostiy contains small (|uantitics of th(‘ iniiUTals 
a.ssociato(l with ([iiartz in tli(‘^(‘ rocks. These minei’ftls, 
howe\‘er, ar(' felspar ami mica, tin* former ‘in tin' state of 
(ij^enerally whiti' ) crystals, whilst the latti'r is <^(>n(‘rally in th(.‘ 
condition, of \'(‘i-y tine crystalline llak(‘s, yq-(‘<‘n (»r black in 
coloui*. Tl»s' pri'sence of thesi' impuriti«‘s in t|uartz sand 
^O'catly j‘ednct‘s the \'.ihie (J‘ tin* lattia- for our purpost* , siiu'e, 
oil tlu^ one hamT, tln'y eonsidt'rahly diminish tin* fusibility of 
the ^lass, and, on tin' otlu'r hand, mica imparts a strong 
coloration to tin* product .\s it is a ditlicult, .uni on a lar^n* 
scale impractieahlc, opi'i-.ition to purify tin* (juart/ sand from 
these adnii.xturi's, such sands must he discard('d wln'n thi‘ 
pi’oduction of tiin* yl.ms is in (piestion, thouyh tin*}' may 1)(^ 
advainta^i'ously eiiij>loy«'d for makini; commoin'r (pialitit's. 

In many |)lac(‘s 'iin'-^raiin'il sandstones an* met with, 
consisting' almost ('titirdy ol pure (|U.art/ sand, tin* individual 
yrains of which ait* ccim'iited loyn-tln'r by a ri'lat i va'.ly small 
amount of linn' Wdn'ii tr('at('d in a suitable manin'r to L^et 
rid of this linn* sandstones ol this class form a vi'iy useful 
sourc(' ol'.sdiei loi* i,d.iss- or ('iiann'l-makin;; 

An excellent material bn t*naiin'Is and tiin* e'lass is ati’orded 
by the so-calleb infusorial or diatomaceous (*aitli ( Kicsel^aihr) 
which occurs as a tiin' 4 nearly j)ur<* wliite mass, so soft as to 
b(* easily reduced to an almost imjialpable powder by rubbing 
betwec'U tin* tiiim'rs .M icrosco|)if ('xamination., shows this 
wrongly named “infusorial earth*’ to consist of the siliciaais 
inte^unn'iit of diatoms, polytln^lamia .uni otln'r hnvi'r or- 
yoiuisms, the organic C(mstituents of. which have mitirely dis- 
appeareil, leaving behind only the outer sln*lls of inairly pun^ 
silica. 

For tln^. purposes of tin; ^lass-maker, howeviir, diatomaci’Ous 
earth is a somewhnt troiiblesoiin^ mat'*rial to deal with in 
workin^^ on a large scale, b«*ing so Imlky as to give rist^ to 
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considerable difficulty in char^in^- the pots. This difficulty 
disappears when the production of tine enamels is in (piestion, 
and tor this purpose th(‘ use ot diatoinaceous (airth. is highly 
advisabb;. 

Many kinds of (|uartz and (piartz sand would be well 
adapt('d tor tie* imuiutacture ot glass were it noh, for their 
conbait ot coinjMmmls ot iron which give rise to an undesirable 
coloj'ation ol‘ tlu* pi‘oduct* In uia^iy cases this difficulty can 
be obviated in the mannei* descrilx'd b(‘low, and a simph* test 
tor th(‘ direct suitability ot a given sample of ([uartz material 
consists in (‘xposing a poi'tion ot tlu* saim^ to a strong r(*d heat 
and comparing its colour, atter cooling, with that of thi* 
original sample It tie* colour is unalteri'd, or has merely 
actjuin'd a yellowish ting(‘, then tie* ((uai*t/ may b(* n'garded 
('ith(‘i‘ as p(‘rt(‘cth' tr(*(* trom iron oi‘ as containing imuajly a 
negligibli! ([uantity ot that m(*tal. On the other hand, it it 
has cbang(*d to a deci<l(Ml red, the pr(‘s(*nc(* of a largi* amount 
ot iron oxide, is indicat(*d, ami tie* (piartz must (dtlua* be used 
solely lor common glass, or (‘ls<3 be subjected to purification 

PniifijiiKI (Jiiaitz 

This op(‘ration (‘onsists in suffusing tle^ tiie*ly pulverised 
quartz with a mixtui'e of eipial parts of crudt* hydrochloric 
acid and wat(*r, the liipiid bt*ing poureiji offi again afterbi short 
time, and tie* (piartz atteiAvards washed rep(*atedly with watei’. 
Tie* iron oxide presimt wi^l In* dissolved by the hydi'ochloric 
acid, provided tin* (piartz lu#; not jireviously been veiy strongly 
calcined , it, how(‘\er, the iron is in the form ot silicates, these 
compounds will not 1x3^ decompos<‘d by the acid, and will 
impart a bi’own coloration to the glass in the subsequent 
stage ot ne'lting the mass.* 

This hydrochloric acid treatment, however, being rather 
expensive, and, as we have seen, not always attended with 
the /lesired result, cannot be specially recommended ; and it is 
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pn'ferable — tor tiiu* \vhit«* or muxl coloured cuiiiiu'ls — to pick 
out the best colourh^ss (piartz aid use tbi^ by itself. ^ 

In pr(-^)arin;^r • (aiaiiK'ls for teclinical purposes the chief 
point to be rc'^-finh'd is tin* powaa- of w il hslamlin^^ the action 
of chemical aiul rajiid chan^rs of tmiipm .it uri‘, colour b(nn<^ 
a subordirt.ite considei'.ition : cons(‘(|Ui'ntly, in such casi's, the 
selection ol‘ tht' (ju.ii’tz iummI not hr lookisl aftor so strictly, 
sinct' a slio'ht yellow tino(' \till do no h.arm, <:nd w ill, moreov(‘r, 
b(' for th(‘ most part m,ask(‘d by the while eomjioiK'nts in th(‘ 
matrix, bor ('iiamels fori'oatin^ tie* inside of cookini; utmisils, 
when' a pui'e white colour is mon* [t.irt icularly nsiuii'iMl, no 
ti'ouble should be sp.ircd in sorting; out a vei*y pun' ii;i'a<li’ of 
(piartz or ('ven in pi'ocnrini; tic* saim' fiom a didane<‘, as the 
bi'lter colour of tie* maim'l ;ind hioln"- \alm‘ of the wan* will 
mor(‘ than eompensat(‘ for tlio yn'.ater initi.al outlay 

StuI / inrnfdl i<>)i 

A verv us<‘ful method of Ireeine (piartz sand IVom I'X- 
iraneous a<lmixl*ui'es is that of w.islnne by s •dimentation, 
which is partu'i'larly advis.dile whm. as not iidVeipumtly 
*Jia])t)ens, tHie chief impuiitv is clay It may be .'4.at(Ml here 
tliat the silicates of alumina lorm yd.isses of excaM'dinirly hi^h 
fusing point, and conserpnaitly these bodit-s reipiire to be' 
elimiiiatetl fi'om (piaitz^.ind intended for tin' pi'oduction of 
•enanu'ls 

Idle washiiii: is ('Hectinl in a ve^\' simple arrainn'iiient of 
wooden tubs provided with tap holes at diti’enait hei^dits. 
OjK* of these tubs is tilliMl aboiit*thr(;e parts full with clean 
watei', vvdiich is stirre«l i-ound and roubd wdiih* the sand is run 
in. As soon as this is done the stjrrin;^ is discontinued, and, 
after waiting a b'W minutes until it semns [irohable that tin* 
sand_^ partich's have settled «l<nvii, the up[)ei'iiiost tap hole 
is opened and the wa'ter run oil'. 

When the sand contains clay, the partich's of which Moat 
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in suHponsion inueh lon^^or than tliosii of th(i (piartz, the water 
runs away ([uite muddy, and the tap holes are opened in 
succession until tin* tuh is empty ; wh('reupon the taps are shut 
a^^ain and a fresh supply of water is added, the sand t)ein^ 
stirr(‘d up onre moi-tj aii<l the s(;ttlin^ and washini^ re}x;ated 
until finally tin* added wat<T runs away [)e]-f('ctly clean — a 
pn)of that all thr clay has Ixsm washed out. 

To pres(‘rve tlie washed Sami'* from contamination it is 
shovelled out of tie,' tphs with w'ooden shov(ds and packinl in 
strong caiiN'as cloths until air-dr}% wh(‘r(‘U[)on it is stored* in 
tightly c1os(m| wioden l>ins until r(;(|uir(‘d for use. iron 
shovt'ls must not he used, tlu' hard quartz weai'iny them out 
by attrition, whei-ehy tlu' sand Ix'comcs contaminated with 
iron in sullicient (thou^di small) amount to ])roduce an ap- 
precial)l(' coloration of the ^lass ma(h‘ from such sand, 

(JiunK'linij. 

To fit rock crystal, (juartz rock, or llint for usi' in i^lass- or 
('naiiK'l-imdvini;, these' materials must he' suhjeiy,e'd to a process 
of comminution tt) hi-inn- them into the' condition of coarsen 
me'al, because' lar^t'i* yi'anuh's e)l' (piartz ai*(' only dissolved with 
difliculty hy the' i^lass mass and will ho re'adily disceu'nibhv 
in the' linislu'd product. Now, to o-i'ind down lar^e (|uantities 
of a mineo'al like' eprirtz, which is eel/ the' seve'iith degrees e)f 
harelne'ss, woulel i-e'epiii-e' a trul}^ gigantic ex[)enditure' of force; 
and th('refe>re' tee enable' tie re'duction te) he etl’ee'te'el with a 
smalh'r consumj)tie)n e)f peewe'r the' material is first subjecteMl 
te) heating, lolhtwe'el hy a rapiel pre)cess e)f coetling. 

When rock crystal, quartz rock eir llint is strongly cal- 
cineel and then at once thre)wn into wate'r, the cooled lumps 
exhibit innume'rahle tine' cracks heith ein the surface and 
throughout the mass. The siiehlen contraction ensuing on 
the contact e)f the glowing material with \Vater is so extensive 
in the superticial layers as to overcome the cohesion of the 
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particles aii<l to pi-o<liu'r ati intiniti* mimhrr of (‘i-acks, thi’ouj^h 
which tlu' w.itor ;^<uiis across to the still ^lowiuj;- intt'rior, 
wh(‘r(‘l)y it IS convcrti'd into stiMin, N\hi(*h forces tin* particles 
of (juaVt/ asuii(l(‘r hy its expansion • 

This method of sudden co<tlini; is l^n()^\n in practico as 
“ (immchiyey and if a lump of i|iiart/ that has lieeii treated in 
this ‘way is ^aau'k with a h.imnier, it hieaks up into a numluu’ 
of small fra'^imoits easily i^mIiiciIT' 1o a liiu' powder 



The furnaces us.-d for caleiniTii; i|uart/. .ir.'\er\ sim))l(‘, a 
usc'ful typ(‘ Ix'iriL; shown in hii;^ I. Th<‘ c\hndrieal shaft of 
fireproof material, ahout lh-‘2() inclies in diaim'ter ami (iO to 
80 ineh(?s hi^di, is elosisl at the t >p hy a hineiMl cover of c^ist 
iron lim'd with ti)‘e(*lay. IJelow. at the Iront ol the lurnace, 
is an aperture of the same width as the internal dianieti'r of 
the shaft and ahoik 8 inehi's hi;;}i, which can he closi^d hy a 
<loor provi<ied with a dam])(*r, and in fi'ont of this oprniii^ 
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is a l)rick-liii(3(l pit tilled with water. Iiiiniediately uhderneath 
the top covaa-, tie; shaft comniunieat(‘s with a chiiaiiey capable 
of prrxlucin;^^ a draught. 

The shaft in fii*st charmxl, about on(‘-thinl full with ii'low- 
io^' coal, which is then coyensl with a layer of the quartz to 
be (-alcined. Another stratum of fuel is spread on, the top of 
tliis, and the shaft is tilled up to the top 'With alb-iaiating 
layi'i’s of (piartz and fin'l?* Thr :yiiount of the latter rixpiirexl 
properly to ealciiu^ a ;4iv(Mi weight of (piartz has to be deter- 
miiu'd by (sKperiment. 

As s(K)n as th(‘ low(U- charj^-i* of fu(‘l is consumed and th(‘ 
^dowin^- (piai'tz has sunk to th(3 liotbun of tin; shaft, it is 
rak(3d (piickly out of the furnaei' and falls into the (pnmchini>' 
[)it ; and in propoithjn as the lowcn* cliarj^'es of ([uaitz are 
removaxi, the shaft is replenisluMl by adding’ mon' (piartz and 
fuel at the top. By this means tin; furmux' is ke[>t continuously 
in action, so that v(‘ry lar^(‘ (|uantiti(‘s of (piartz can b(‘ 
ipienclnxl in a short tinu' and with a minimum consumption 
of fu(‘l, Th(‘ (pKMicluxl (piartz is next broken down intocoarsii 
powder in a stampino- mill, and is then sciasunxl, the coarser 
[larticles beino* ixdurmxl to the stamps, while the remaindta-, 
passing’ thiani^h tln^ hiK'-im'sh sciaxm, is o-i-ound to tiiu* meal, 

Althoun’h th(‘ iiKJchanical nxluction of such a hard miiKTal 
as (piartz is ratlu'r ('Xjx'iisive, the opy-ration is oik' reipiirin^ 
exti'eme care sinc(‘ it facilitates the production of pei-fect 
homojnxMK'ity in the sul)s(X|^i('nt fusion of thi; enamel mass 

Tm-: Alkai.ie.s. 

The second cla.ss of^ indispenaalile constitiemts for glass 
and enaimd is that ot the alkalies. As already mentioned’ 
silica, wIk'ii fu.s(xl with a singh’ alkali, foi-ms a mass which 
bears the name of glass (water glass) but is distinguishable 
from all oth(‘r kinds of glass hy its soluliality in water; and 
it is. only when an alkalin(‘ (Xirth (lime) or an oxide of some 



KAW MA'li:i{ULS F()l{ 'IHi. M \N r 1-'A("| I m . OF 1,NAM];LS 23 


heavy metal (lead oxidi‘) is added that prodiiet usually 
known as ^d.iss is obtained. 

l'd)r our purpose tht‘ alkalies can he used in tin* I'orm^)!’ 
vai'ious compounds, h('eaus(\ as airc'ady statetl, silica decom- 
poses all tlu‘S(‘ comhinations at a red lu'at, and s('izt's upon the 
alkali loi* itsell. For ;^lass-makin^' tlu‘ compounds of lK)th 
potash and .'^oda can lx* utilis(‘d , hut, i^'encrally speaking, tlie 
last nanu'd 'alone is (mi)»li)'*('d in the pi-eparation of (*namels — 
th(* potash jj,lass(‘s, thou;;h mort* lesislant. than those made 
Irom soda, hein^ too nd’iMctory for our purpose 

The potassium ami sodium eompounds ^t‘n<‘rall3' (‘m|)loyed 
art* as follows 

A. roftissiiiin ('o'lnponinls. 

Potash (impni’c polassium (‘arlKinate K.(d),). 

Wood aslu's (a mixture of salts of calcium, maij;ne‘Hium, 
potassium and sodium, to^^ethei- with small (|UantitieH 
•of injn oxidty) The soluhh* p.ii-t of wood ashes consists 
mainly of potissium carhoiiat(*. 

Sulphate of potash or jiotassium sulphate, K ,S( ), (hy-protluet 
fi'om (‘(‘uain chemical jirocessi's). 

H. SodiiuiL ('ompoumls * 

( 'ommon salt (sodium ehloi ichi, Nat 3) 

S(Fla (sodium cai’lio^iati*, NaA'CT) 

Kelp (impuie sodium carbonate). 

(llaubi'r salt (sodium sulpliate.^a^StJ,, manulactured, and 
also ohtaiiK'd as a hy-])rodi?ct in nitric acid works). 

Pan stone (a mixtuie of variable (piantities ol soilium 
* sulphate an<l calcium suljihate chippixl out of 

salt pans in the process of cleanin^^). 

A. PoTASsH'M (*V)MIH)t NJ)S. 

• Potash. 

In countries wiu're woml is abundant, potash is obtained 
by lixiviating wood ashes, evaporating th(i extract to dryAioss, 
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and calcinin^^ the residue. This “calcined potasli ” is of a 
greyish blue oi’ reddish coloui*, due to the presence of coin- 
poVinds of iiiaii^aines(‘ or iion from the wood. ThC' yellow or 
red tino'(! is paificularly objectionable because tlie ferric oxide 
contained in such ])otash is a very strong- pigment ; and con- 
vsequently, since this body inHmmces the colour of oilass, such 
hi^h-colou) ed ^»*adi!s of potash should not be ''used in tin; pr(‘-- 
paration of enaimds. Mon^ovi^r, notash entirely free from 
iron and tlK'nd'on; a'lmirably adapted for our purpose, can 
now b(! obtaiiK' l in C()mmorc(‘. Potash Ixdoiiys to th(‘ class 
of stron^dy hy^-roscopic sub'^tances, and must thei’efore b(i 
stonid in ti^-htly-clos(‘d barnds lined with |)aj:ei’. 

Wood J,s//rs'. 

Wood ashes may bi' re^ard(Ml as potash containing, in ad- 
dition to th(i usual saline matb'r, a ceidain, though small 
quantity of carbon, to which tln^ gri'yish colour of tlu' mass 
is due. As this carbon aiid the ii’on (‘ompounds pn^sent 
unlavoiii'ably alh'ct tin* colour ol glass, ordin'ary wood ashes 
should only Ih‘ us(>d for making common glass 

Sid photo of Potash 

Formerly this salt was moio! fiaspyimtly obtained as a by- 
product oi nitric achl manufacture than at })resent, because it 
was tlum the [)i-actice to lui^e this acid from saltpeti'e (])otas- 
aium nitrate') exclusis c'ly, \lrhereas now, the cheaper nitrate 
of soda is almost always use'dyn making nitric acid. 

Since tlu' (‘fleet ol potash salts is to i‘educ(‘ the fusilality 
of glass, they an' stddom ('inployed in the preparation of 
enamels. Neva'rtheh'ss, for special enamels required t) with- 
stand the action of chemicals, potash is used though iir the 
form of felspar (which contains potassium silicate) and not 
as the above-named salt. 
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H SoDIFM ('OMI'OFXD.S. 

(’oiitnion {Siulnnn idc). 

$ 

This sul).stan(*(‘ is ohtaimMl tVoin salt, iiiiiu's, I'ithor io th(‘ 
orU(l(‘ form of i-ork salt or in tlic mamifaoturcal (puritied) 
conditioTi, tlu* iorinri’ (‘ont.iinini; gypsum and (‘lay, and Ixdnyr 
(;ol(JUr(‘d ^o^oy^or ycdlow Ity (‘ompounds of ii-on. 8alt is 
not iiuirh .us(mI in (nianirl-makiny*, sin(*t‘ othor sodium (;om- 
[K)unds hrttci’ swiit(‘d to ttu' purpos(‘ can he ohtaiiu'd at low 
ratiis • 

{Soil III in ( '(I I hoiKilr) 

ddiis cluanical pi-oduci winch is manufactiii’c'd in (“normous 
(plant itics in sp(‘cial works, is met with in eommei’cc^ in twai 
forms soila crystals and cal(‘in<Ml {or anhydrous) soda. 'Plu' 
former kind is in lar^c* WMter-whit(‘ colourless crystals, wdiich, 
liowov(‘i‘, (Ui iirolon^c' 1 .‘X])osu)‘(' in tlu' air, hecome cov(!rcd 
with a white incrustation, and finally fall enlii’t'ly into tin* 
state of powder, the chani;(‘ heini; attend(3d with a ^oaait loss 
in weio-ht. This is due to the (waporation of lh(‘ wait<‘r of 
cr\’stallisation, though a certain proportion of tin; latter is 
more tirijd.y retaiinsl <ind can only h(‘ dri\ en oil h\ cahanation. 
When soda is heat(‘ 1 it iin'lts at a low temjx'ratun* and 
forms a waitiay flux wdiieh continues to <‘Volv(; a(pi(M)Us vapour 
until th(‘ wdiole of tl^(‘ w'ate.r of crystallisation has evapor- 
at(Ml It is only wdnm L;r('at(3r Inait fstrono red In^atj is 
applied that the i-t‘si<lual wat^'r diaven off and the soda is 
converted into anhydrous so<liutn (riiTonate, which is com- 
mercially kiKwvn as “(‘.ihaned soda'’ 

As th(‘ ardiydi'ous form wall aUsoi-h wati'r wdien hrou;(ht 
into contact tlna'ewith, and change into soda crystals, wliich 
dissolvt' in the watei’, (ailcined soda can he us(‘d lor purpos(!s 

t 

for which a solution of soila is laspiired, and is olhm pui’chased, 
in preferenci; to tlfe crystals, in ordei’ to savi* expensi; oi dead 
freight on tlu‘ water of crystallisation 
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For (‘riaiiH‘1 iiia!inf'actur(‘i-s, of course, water is a useless 
aieurabrauce ; and they, therefoi’e, laiy calcined soda exclu- 
sively. As, howev(a‘, the ordinary calcined soda, ev<‘n when 
pei'fectly whit*; in app(;aranc(\ always contains a notable pro- 
portion of iron compounds which spoil the colour of enamel 
by producing- a. yellow tinon, this soda can onlv^ henised for 
‘tiaiiH'ls whei-ein colour is an unimpoi'tant consideration' 

t) 

Pina mol Soda. * 

The trad*' in so*la for *'naim'l-makin^- having- *Iev(!lop*Ml 
L!i)nsi*l(‘]‘ahly, alkali makers now comply with the *lenian*l for 
1 non-lerru^'inous soda and supply, under th*' name of ‘ *mamel 
so*la,” a pr*)diict which ma\' h*; re^’ar*l*'*l as perfectly fi'*'*; fi’om 
iron. To this *'nd th*' soda is puriti*'*] by fre*|uent ci'ystal- 
lisatioiis until the most *h'licate reaj;*'nts fail to reveal the 
presenc*' ol ii'on, *'xc*'pt in ti‘ac*'s, th*' product b(‘in^' aftor- 
war*ls s[)r*'a*l out in h*'at*'<l )‘*)*)ms until thor*.)Uf;hly *l]'y. 

Fnam*'l s*)da is, it is ti'u*;, *l*‘ar!'r than th*' o]‘*linary kin*l ; 
but it lurnish*'s a pur*' whit*; *'nam('l, whereas the oi'*linary 
so*la, *'V*'n wh*'n lairly pur*', ^‘ixes ris*' t*) a yell*)wish tin^iy 
th*; *'\t*‘nt *h' which *le[)en*ls on th*' amount *)f inm- })r*;sent. 

Kelp. 

This article *)f c*aiim*'i'c*! is an imy:u]'*' so*la obtain*'*! by 
calcining s('aw('ed *)n the liish an*l Scottish coasts As it 
c*)ntains a nuinb*'i* of *)th*'ii salts in a<l*liti*)n to so*lium car- 
bonate it is unsuitable lor any but the common*'!' kimls *)f 
enamel. Sine*' the dev*'l*)pmi^'nt of the manufacture of soda 
from conini*)!! salt, th*; tixnh' in this impure s*)da has j^reatly 
declin*'*!. 

• (rlaid)O} Sail (Sodium Snlphato). 

At present this salt is obtaine*! in lai^^e *[uantities as a 
by-produ(‘t in the manufacture of nitric acid, an*i usually 
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occurs in the form of white hemisplicrical cakt^s, in which 
condition it is n^covered on hrt'ukin^ tht' ^lass retorts used 
for distijlin^^ the nitric acid (from sodium nitrate and ,sul- 
pliuric acid). This kind <)f Tdaulua- salt is i/'ss (‘ontaminated 
with extraneous l)odi(‘s tluin tin' otlu'r qualitit's obtained when 
crude n\j^ric acid is ])r<‘})ared hy distillation in ir(ni cylinders. 

*ln the'tii'st stai^e of soda manufacture, common salt is 
convi'i ted diito (llauht'r s^dt and hydrochloric acid, hy treat- 
ment with sulphuric* acid Tin* product .n tins cast* is renderc'd 
very impure hy iron compounds amf woidd furnish yc'llow 
(mauK'ls . conscMjinmtly it must hi* j)uriti(Ml hy repeated n?- 
crystallisations from solution in water, lollowt'd hy d»i- 
hydiMtion. 

riiii Shnic 

Is usually a mixture ol sodium and (*alcium sulphate', hut 
always contains, in a<ldition, a (S'l'tain (piantit) of siihstances 
capable of colourine e-lass, and then'fore is nnsuitahle for the 
production of tiin* ('iiann'ls, 

.Vl.KAFIN'F lv\irills 

The substances ciassilied unde'r this title', althefiieh eexhihit- 
iny streine’ basic prope'rtie's and in this i-e'spe'ct i-e*se*mhlino the 
alkalie's, ditier from the* last n.ime*e| in he'in;j;only ve*ry sparingly 
soluble in water anel^in formin;^ insoluble' compounels when 
fused with silica. Imh- our jiurpeese's only two e)f the^ alkaline 
e'arths come- uneler cemsiele-ratieen^ /:., lime' anel ma^m^sia 

, Lime, {('(ilennn Oiide). 

Lime does not occur in .i pure' state* in nature, hut is found 
in enormeeus ejuantitie's in the' form of (calcium carbonate (lime- 
stone, marhlee, chalk, etc.), ami calcium sulplnltee (gypsum, 
alabaster). The* oarheinate^ is tlu^ usual v.irieTy employee I in 
making glass ami enanu'l 
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Lijncstone. 

» Ordinary limestone is composed of calcium (Hirbonate, 
and almost iuvni'iably contains forei^-n admixtures capable 
of exciting an injurious inliueiice. Most limestones contain 
small (juantities (jf orj^mnic matten-, ferrous carbomtite, ma;^- 
iHisium carbonate and occasionally clay as well.' 

Organic matter, unless *in excessive amount, is not harm- 
ful, the carbon foriinsl therc^from in the proct'ss of snu^ltin^^ 
b(un^^ capable of removal by tlu‘ addition of small ([uantities 
of oxidisin^^ substanc<‘s If, how(‘V(U', the propoi’tion of or- 
^mnic matter is so lar^(‘ as to lasider the limestone dark givy 
or black, th(‘ latter is hardly tit for us(! as a constituent of 
enam(‘l, unless pn'viously tinati’d, for which purp(jse the 
liiiK'stone may b(‘ advanta^e</usly buiait in kilns, an operation 
resultinji; in the (ilimination of both th(‘ carbon dioxide and the 
oi-^anie mattnr. 

Moi’ii ominous is tin* pia'sence of ferrous carbonate as 
a constituent of limestom\ since (Wen smal) (juantities of 
this salt will im|)ai-t a notic<‘abl(‘ bottle-^iasen coloration to' 
<‘nani(‘l. hk'rric oxid(‘ has a h'ss j)ow(‘rful influenoe on the 
coloin- than fcTianis oxide' , cons(‘(|U(“ntly, in b'stin^^ the 
suitability of a liim'stone for tin' nnanufacture of enamel, it is 
advisabh' to make' a small trial sme'lti/j^', with an aeldition of 
some oxielisinu- a^-i'ut, to convert the ferrous oxide into ferric 
oxide, which latte'r will (in^e' tln^ ^lass yellow, but h'ss 
powei’fully than the fe'iTOUs oxide would coloui’ it o’ret'n. 

Furthei'inori', the suitability of a linu'stone for our pur- 
pose can be ^-au^e'd by itsuippearance after prolonged exposure' 
to the air, a reddisli-yellow coloration of the lumps, or the 

formation of a number of real veins therein, indicating the 

« 

pre'sence of iron in large projiortiem ; such a lime^stoiie hiay 
be re'jected as unsuitable, without any fufthe'r test. 
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Dolomite. 

Many limestoiies, and inoiv* |>arti(*ularly the so-caTled 
dolomites, contain x'ariahle (juantitic's of niai;’nVsium c<irl)onate. 
The eti'eet ot tliis compound is to cause the enaim*! to l)ecome 
more re<»ractoiy in direct proportion to tin* amount of maj,^ 
nesium pres(mt*; in some (‘as('s this prop(‘rty is iH'mdieial. As 
far as colour is conts'rm'^, ma;;m‘sia has no inlliiemH' at all 
— the silicate's of the' mi'tal Ix'iny th('i]is('l\'<'s eolourh'ss 

Chalk. 

(Chemically spe'akin;;', tlu' puKs'ruh'nt while' miiu'r.il, chalk, 
ce)nsists of cah'ium earheenate'. Examine'd umle'i* the* micre)- 
scope, it is se'e'ii (o he' maele* Up e)f the' sIk'IIs oi tin}' marines 
animals, tlu^ oi'^anic in-itte'i* e)f whie*h has, howe've'i-, le)ni( elis- 
appeaired. Eoi‘ e)Ui- purpe)se's chalk is an <'xe'('ll('nt mate'i'ial, 
since** it is free* from ii‘e)n, <ind, hi'iny in an rxirt'inedy tine^ 
state; e)f eli\isie)n, reaidily unit<*s with tiio e)the'r in^a-e'elie'nts 
eluring the e)pe'ratie)n e)f sme'ltiny 

(Calcineel musse*! she'lls alse) e*onstitute' a spk'nelid mate'i'ial 
fe:)r eauime'l-makin^, wheu'eA e*r the'y are* e)htaina1)le' in laro'(; 
quantitie's, as they ceensist eel neethiny hut ve-i-y puia* calcium 
carbonate*. 


An/illiK (‘Oils Limestone 

Certain limestone's, kmnvn unde;r the; name' of marl, contain 
large proportions e)f clay ami ave* alse) ge'ne'rally rather rich in 
*iron. Even apai't fre)m the* latte*r* ce^nsieleration, such lime;- 
stones cannot he; recomme'n<le*el as raw mate*rial ie)r enamels, 
the presence of clay i*e'nele*i-ing the; [)re)eluct ve'iy i'e;iract(3ry. 
Me^reover, the ame^iint e)f the clay anel its he'haviour can only 
be accurately elctermine'el hy che'inical analysis anel trial 
smeltings respectively. 
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(hm.sticisuuj Waste {Kalhfsche}). 

I' 

WlKjro wood ashes ar(^ converted into caustic 'lye, for 
soap-niakin^r^ hy trc'atnnuit with slaked lime and lixiviation in 
hirin' tubs, a n^sidue is ohtaimal, consistin^^ for the most part 
of calcium ciii'honate too-('thm- with a small amount o*l:‘ potash 
salts, and almost all tlie IVj-ric oxide prescmt in the wood ashes. 
In ])()int of (|uality this product is fomparahl(,‘ with fenai^dn- 
ous limestom; and is tlna-efon* of hut vany low valiK' as a 
mat<‘rial for tin' ])r(‘pai‘atio!i of (maim'l. 

Mafjnesla, 

This alkalitu' (‘arth, which i*(‘S(‘ml)l(‘s limn hut is nioi‘e 
sparin^dy soluble, occui-s in natuia' as ma^iK'sium carhonah' 
(ma^oK'site), and ma^‘n(‘sium sulphah' (Epsom salts) , and as 
already stated, dolomite consists of varyine- propo]’ti()ns of tin; 
carhonah's of linn' ami ma^mesia. l\ra^nesiinn carhonate is 
also iiK't with as a. manufaetuj‘ed pi'oduet in c(immerc(‘. 

^ Maipiesiinfi ('ailnutale. ’ 

Small (juantities of this salt an' used in thi' manufacture 
of enamels, to reduce theii' fusibility, a, ml fnaslom from iron 
is a particularly important consideration, (lood magnesium 
carhonah' must form a })ur(‘ whih', \ery lie-ht mass, that can 
b(5 easily n'duced to an impalfaihle powder hy i-uhhiiii;- between 
the tin^mi's. 

MaijHesum Sulphate {Kpsom Salts). 

This substance' a})peai’s in the' form of colourless, iH'adily 
soluble ciystals of veiy bitte'r taste', and parting- with thcir 
water of crystallisation when heated. It i's not ve'iy often 
used in the pi’eparation of enamels. 
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Lead ('oAtporxDs 

Tlu' silicat(\s ot loa<] laano colourli'ss and i('adil\' 
compounds of tliis imd^al arc' rrc'cpu'ntly (mf|)loy('d Tor ])ro- 
diKany fusible'- ('iiann'is, tlu' most conunon forms Ix'in^ the' 
oxide's (lktbar;j,(' and red K'ad) or the' carbonate' white' h'aeh. 

Ledd () I xk'. 

Lead oxide* is* nu't with in ceemme're'e' as a preednet e)f (‘crtain 
sme'ltin^' wa)rks, and e'sjee'cially as a by-pi-odue-t e)f the* re'Hnin;^ 
of silver leaid Idu'r.* ai’e* two pnne-ipal <(nalitie's -massicot and 
litharge', the* fen'ine'i- be.‘in<^ the* lianelsome'r, .iml foianino by 
reaison of its tine* ye'lleew^ sbaele* a i^oexl arlisi's e'ejloni’, it, is 
}iow('V('r too ele'ar fe)i' e'name'ls. 

J^ithai’^n* ditleis I'reim m.issie'ot, by its infe'rior pale* ye'lleiw’ 
coloui*, and is tee bi b.n) at mne*b le)wa*r i-ate*s It is usually a 
by-product e)f the* pre'paratiein eif sdve*!* freim silvrr le'ad. 

Since*, bowa*V(*r, this kinel of l(*,id oe*casion,illy conhiins 
iron ami copper, wdue*h pass intee the* litb.irye* as oxiek's, it is 
impe)ssible‘ te) ])roeluce* white* emame'ls fi‘e)m sucli impure raw' 
. mateu'ial ,, tjie* latte'r must the*re*fe)i-e* be* e*xamin(*d b\' analysis 
or by a ti'ial smeltini;' Mdie* j^ree'ii coleii-ation imtice'able* in 
cen'tain parts of the* lithai'^n* inelicates, e)f itse*ll,th(* pie‘se*nce 
of copper. ^ 

When purchasable', litliai’ye* made* Ireim vea'y |)ure h*ael 
(c.e/, (kirynthian litliai'^e'), is {xxa*eelin;fl y w'e*ll aela])te*d for 
our purpe)se A veny small pe*icentaoc ol tore'ii^oi metal liet 
oxieles may be prese'iit withe^nt iiny ill e'tlect on the5 e[uality ol 
file enamel, but practical eexpeaaence. has showm that the pro- 
portion of the various metals in litharge* slmule] met e'xceed : — 

Coppur 0 (Kill pci <cHt ^ 

, Antiinouy 0 0000 ,, 

Bismuth . O-OOOO-O 0070 

if perlectly white* emamels are to be; maele; 
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As already mentioned, particular care in the selection of 
materials is only necessary when a perfectly white or pure- 
coloured product is desired, whilst in the case of technical 
enamels the principal point to he considered is the adjustment 
of th(! constituents so as to yield a durable artichL 

t 

Red Lead (Miumm). 

This is also an oxide of hauC but ditiers IVom litbarge 
(PbO) in containing ?i laro'or proportion of oxygen, its com- 
position Ixjin^^ represented by Fb {04 It is prepared 

in red bvid woi’ks, by roasting finely [)Owdered litharge, and, 
when a certain tcmpe.rature is I'eached, ac(pni‘(\s the hery red 
colour on account of which it is employed by painters, 

8o far as tlie colour of red lead is concerned, this is 
(piite immaterial for our purpose, and the only reason why 
enamel -makou’s should prid'er to hav(^ it as brilliant as possible, 
is that this condition is an indication of purity and freedom 
from iron ov coppei*, sinc<‘ it is only fi‘om litharge that is 
excelh^nt in this particular that a really good coloured red 
lead can be obtained. 

During' the fusion of the enamel mass, red l(‘ad gives ofi’ 
oxygen and is reduced to the statt' of PbO which combines 
with silica. The liberate<l oxygen converts any ferrous oxide 
present into the ferric stab* and also facilitates the combustion 
of the last trae(‘s of organic matter in the (piartz sand. Though 
somewhat expensivt*, n'd l\id is an excellent material to use 
in making enamel on account of the above-mentioned pro- 
perties. ‘ 

Mlpite Lead 

Whit(‘ h'‘ad (basic lead carbonate) is made on a large scah*. 
in special factories, for use as a paint'. In, the pure state it is 
a brilliant white, amorphous powder, and it is on account 
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3f its non-crystalline nature tliat this bod}" possesses such 
extensive covering power as a ju;^nient. For the purposes 
bo which -white lead is devoted in tln^ manufacture of enainel, 
however, this property is of no value, and th(‘refore the 
cheaper crystalline variety will <lo (Mpially well. The 
principal •consideration is perfect free«loni from iron, copper, 
or other iiiipuVitit's , and as tin* commercial grades are 
frequently adultfU'atisl wdii» larjj^i' (plant itii's of fint'ly ground 
barytes, clay and otluo' heavy subst.iqci^s, for tin* sake of 
cheapiu'ss, such kinds an* absolut«dy worthh*ss for our purpose, 
and, indeed, an* capabh* of injurin;^ tin* ])ro]H‘rties of tlie 
enamel. ( \)nse(pn*ntly nom* but p(‘i*f(*ctly purt^ white, lead 
should lx* purchas(‘d. Foi’tunately this can be done, as all 
larjj^e makers will su[)ply it of ^oiarant(*ed purity ; besides, 
adulteration can lx* dt‘t(‘(h.«‘d in a \ery sim})l(> manner as 
follows — 

Pui;e whit(* lead will dissolvo* conq)h't(‘ly, withoui leaving 
any r(*sidue, in dilute? acetic acid . tin* pn*s(*nce of r^'sidue indi- 
cating adult(*rat4on with bai‘yt(*s, cla\', or gypsum. To test for 
chalk, tin* solution of whit(* lead in tin* above* acid is treated 
with a current of sul})hun‘tt(*d hydrog(*n gas so, long as a 
precipitate of lead sulphid(* continues to form, this latter is 
then separati'd b} filtration, ,ind tin* filtrate; is tr(*ated with 
ammonium oxalate* sefl^ution 'Tin* occurr(*nce. of a white 
pr(*cipitate shows that tin* white* h*ael containe*d chalk. 

In itself, the presence* of such^halk is not aelveu’sc to our 
jmrpose, since lime is a const itinmt of enann*! ; but there is no 
neeel to pay for chalk at the high rate* chargeel foi’ white; lead, 
and therefore it is well te) test tin; stanqele ami assure oneself 
of its purity or otherwise. 

Lead Sulphate. 

This salt is recetv^ered in large; epiantities as a by-product 
in many chemical processes, and can Ije bought at a low price. 

3 
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For our purposes it possesses the admirable property of being 
perfectly free from iron and copper, and is as suitable as any 
other lead salt for the manufacture of glass and enamel. To 
reduce this sulphate a little carVxjn is added to the mass before 
smelting — as must also be done »when other sulphates {e.g.y 
Glauber salt or magnesium sulphate) are used 

BAfiYTEs (Barium Sulphate). 

This is another material to which attention should be 
directed as suitable for use in enamel manufacture, especially 
on the large scale. It occurs naturally in many places, as the 
so-called lieavy spar ; and is, in point of chemical composition, 
barium sul})hate. As it belongs to the alkaline-earth group, 
barytes may be employed for our purposi* to rejdace a portion 
of the lime used. 

IVopei'ly constituted (‘uarnel masses containing barytes 
must also contain lime, in addition to soda, and will then 
yield very useful jiroducts. According to Ben rath a baryta 
glass, liaving the following composition • — 

4 Na/) + 4 liaO + 4 CaO.^ + 36 SiO.^, 

exhibits the properties of a good lead glass, and is more 
readily fusible than ordinary glasses , but, unlike lead glass, 
is not attack(‘d by a reducing tire. 

WUhcritc. 

This mineral consists o^‘ barium carbonate and can be used 
in place of heavy spar. 'Wdien the latter is employed an 
addition of carbon is requisite in order to reduce the sulphate 
but this is unnecessary in the ciise of witherite. 



IV. 

SUBSTANgRS ADDAD TO PBODrCE OPACITY. 

TIk' materials ([(‘scrilMsl in the |)re\i(»us section are those 
formin;^^ tin* true ;,^lass substance. ( )th(‘r IkmUc's have also 
b(^on proposcMl. as zme oxi<l(‘, hv whose anl j^lassc's suitable 
tor certain pui'jioses can be pre})ar(‘(l, t liou<.^^h it is not advisable 
to r(‘sort to sucii i)odi(‘s in coin])oundin^ enanu'l masses. 

Bnainels always contain (‘ertain inlusibh* wdiitt* substances 
which render th( i^lass opa<|Ue , and for this jturpose, as already 
iiienti(jned . use is ^(‘iierally made ol tin o,\idi‘ or bone ash. 
In view' of the i^wal influence e\(‘rted by these tw'o materials 
on th(i eharactvr of the enaim'l, a fulh'r dt'seription of them 
must now b<‘ pven 

Pin Oxidl (S'rA.NNic ()xii)Lo 

Tin oxide (SnO,), wlieii chi'mically pur(‘, is a heavy powder 
of a pure white colour, ^nd by itself is tv)tally infusibh;. When 
suspended [in a timely di\ided condition in, and (mvedoped by, 
a fused colourless mass (^dass) it renders the latter translucent 
or alto^rether opaque, according to the proportion in which it 
is used. 

In commerce this oxide is met with as .so-called “tin ash’’; 
but as this is never quiU^ pure and always contains lead oxide, 
frequently associated with ferric oxide and small quantities 
of cupric oxide, it is advi.sable to prepare one’s own tin oxide 
either by the wet or dry process. 

In the wet process, fine tin is first granulated by melting 

. ( 35 ) 
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the metal and pouring it into cold water. This is then 
shaken up with fuming nitric acid in a vessel of glass or 
glk,zed porcelain, whereupon a brisk reaction occurs,* the nitric 
acid being decoftiposed, with evolution of brown fumes, whilst 
the tin is converted into a wdiite powder — tin oxide — which 
settles down to the bottom of tin.' vessel. As soon as the 
action of tlui nitric acid has abated, a fresh quantity is added, 
and is followed by further gradiia'’ additions until finally the 
reaction ceas(5s altogether 

Owing t(j the violenci' of th«^ reaction the acid must be 
added in small quantities at a time, as otherwise the contents 
of the vessel will coim^ over ; tin; work should also be <lone in 
the open air or under a chimney with a good draught, as the 
brown fumes (nitric oxidi^ and hyponitrous acid) cause great 
inconvenience to tin* respii*at(»ry organs. 

After th(' neaction is at an (md, tin; vessel is left at rest for 
a day, whereupon tln^ supernatant acid (which may be used 
over again) is candully (h^eanted from the white deposit, 
and the latt(*r is wasln^l s(‘veral times with water, by 
sedimentation To nanove tin' final traces of nitric acid, tlie 
tin oxide , pn'cipitati' is afti'rwards repeatedly WAshed in a 
glass funnel and tln'n dried, tin' funnel being meanwhile 
kept cov('r(;d over with paper to t'xclude dust 

The product thus obtaiin'd is of ..-xcellent quality, but is 
too expensive for any but the finest enamels, which are required 
to remain pt'rb'ctly whit^' or be tinged with very delicate 
colours. 

To prepare tin oxid;' by the dry method, the process em- 
ployed by manufacturers of tin ash is imitated, the metal 
being fused in a fiat stonewai-e pan and afterwards raised to 
a strong red heat. The rapidity of the oxidation is in direct 
proportion to the temperature to which the molten metal is 
exposed. 

At first the surface of the metal becomes covered with a 
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blackish pellicle, consistiii^^ of tin protoxide (stannous oxide), 
but when more heat is applied this is convertisl into stannic 
oxide, a change iialic^ited by the whitmiin;^^ of the pelliditA 
This skin is now reino\ ed by means of a hook^ whereupon the 
underlyni^^ surface of metal foi-ms another pellicle of oxid(‘ 
directly it^ comes into contact with tlu' an- Whmi the tempera- 
ture *is sutiicientJy hi^di, the process of oxidation ^oes on \au’y 
rapidly, so that a lar^U' ijUi^ntity of*tin can be convi'rti'd into 
oxid(‘ in a short time. 

The* operation may also hr accidia-aD'd hy (‘inployin^ an 
alloy of tin and lea<l, tlu* followin;.^ projiortions — 

Tin S‘2jHr(cnt 

Ecfid is ,, 

beino highly adapte<l for the purjiosr. ( )f course th(‘ amount 
of lead pr(\sent must U* Imrm' in mind when com])oundin;.( the 
(‘iiamel mass, and the amount of lead oxi<lr hi' iiroportionally 
reduc(‘d An alloy of tin* for<^;,e)ino com]K)sit ion oxidises more 
readily than pure tin, and fundshes a yellowd(»okin^ mass, the 
colour of which is dm* to the lea<l oxidi* jirescnt. Whi'ii the 
enamel mass is fusisl, the lead compound combines witli silica 
, and the pini; tin oxide remhu's tin* product ojiaipn*. 

Crude tin ash always contains a certain amount of unaltered 
tin and stannous oxide Tin* simplest metliod of (*liminatin^ 
these impurities is by jnoi^t«‘nin^^ tin* mass with fuming nitric 
acid and leaving it to stand for a whih*, the a(‘ti(m of the acid 
bein^ to convert both substances into stainnc oxide*. This 
method, however, is ajijilicable only wlnm pure tin has been 
employed, as in tin* case* of tin-lnpl iilloys — the nitric aciel elis- 
solves the resultin^^ l(*ad oxide*. 

In the latter event, the*refore, the pnxluct must be purifieel 
by sedimental washing (elutriatieen), by which treatment the 
particles of mehil are le*ft be‘hind ; the final trace-s of stannous 
oxide in the produot are then converted into stannic oxide by 
calcining the dried mass in thin layers. 



38 


ENAMELS AND ENAMELLING 


Bone Ash. 

^ In the case of enamels which are merely required to be 
translucent, without bein^^ brilliantly white, bone ash may be 
used with advantage. This substance, prepared by calcining 
bones in presence of air and then grinding and elutriating the 
residue, forms a greyish- white powd<n‘, and chietiy C(msists of 
tri-hasic calcium phospha4(‘ together with calcium and mag- 
nesium phosphate 

For our purpose ^he calcium phosphate is the pidnciple 
constituent, which substance, when pure, is a perfectly infusible 
white erystalliiK) mass A large proportion of the bone ash 
now iiK^t with in commerce emiios from South America, the 
meat extract factories at bray-Bentos in Uruguay employing 
the bones of the slaughb'nsl catth* for heating the furnaces. 
Bone ash of dark gi’ey colour contains an a<imixture of carbon 
from the adde<l fuel, hut this substance can easily l)e got rid 
of by adding to the enamel mass a little saltpetre, which, 'during 
the process of smelting, gives otl’ oxygen and consumes the 
carbon. 


Suirsii)[ARY Ingredients. • ‘ 

This category comprises all substances added to the white 
fundamental mass of the enamel with the object of modifying 
its properties in any way. They ifiay be subdivided into 
three classes according to the purposes which they are intended 
to serve • — 

1. Fluxes, to increase or diminish the fusibility of the mass. 

2. to colour the' enamel 

3. Decolorants, for modifying or totally destroying the 
colour of the fundamental mass. 



V 




Tin* ;if tainini'iU of a sui(.il»l(‘ (|(‘:4iv(‘ of in an 

tniann'l at a yi\(ni lompt'rat ui o. is oin* of ( lu‘ most iiui^ortant 
factors m tin* opcr.ition of (niaiiK'Hin^, and dt'pcnds or(>atly on 
th(‘ skill of tho opotMtoi’ iMilnistcd with thr duty < f niixm^^ 
tin? in;^TtMli(‘nts to lx- incited 

As, in almost every factory wlnn'e enamels ar(‘ pr<‘par(!(] 
on a lar^n‘ scale, certain proportions ar<‘ adhered to in mixing, 
wher(?l)y tlic composition of th<‘ raw materials at disjxxsal lias 
to h(* taknm into consideration, the natni’e and quantity of tin? 
tliixes to h(' used <*an only he ascertained hy sjx'cial (?xperi- 
ments in each <*ase , and for re;nhly apparent laaisons, the 
mak(Ts u.'^ually kc(*p their formula' secret 

can tht?refon‘ only dt'al with tin' pro[)<;rlies of the 
tiuxes in a ^■('ne'rai mannei-, reservin^if more exact particulars 
as to the amounts to J)e used in onler to jiroduce t'liamels of 
definite character, until the s(?ction devoted to formula? is 
reache<l, such rt?cip“s hein^ calculatcij on tin; basis of perfectly 
pure materials. The Iluxc's us«;<l^iu tin; (‘naiin;! Industry are : 
borax, tiuor spar, clay, broken ^.^hiss (cullet), porcelain sherds, 
gypsum and felspar 

HoKA:it. 

^his substance, which forms oin; of tin* most* extensively 
employed fluxes in nearly all enamel works, behaves in a 

peculiar manner, in that it plays a direct part in the formation 

(d‘J) 
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of the ^lass matrix. Before passing to the influence of borax 
on the character of enamel, we will first devote a little attention 
to the chemical properties of this salt. 

* In point of chemical composition borax is a compound of 
I sodium, boron and oxygen, viz.: sodium biborate (Na2B407 + 

' lOH^O), and forms prismatic crystals which dissolve in twelve 
parts of cold, or two parts of hot, water. In ad/lition to this 
ordinary form a second variety is known under the name of 
octahedral borax, differing from the former b^^ containing only 
half as much water of^crystallisation. 

When heated, borax fuses at a moderate temperature and 
very soon begins to froth up (inturnesce) to such an extent 
that a very large vessel must be employed or the mass will 
overflow. In this process, water of crystallisation is given 
ofl', and finally, a white, highly porous residue of calcined 
borax is left. 

For the purposes of the (aiamel-maker calcined borax is 
generally used, the frothing of the ordinary kind being a 
source of great trjuble in the melting process. While still 
warm, the calcined borax is reduced to fine powder and stored 
in properly closed vessels ; othei*wise it greedily absorbs mois- 
ture from the air and changes back — at least in part — into 
the crystalline form. 

When calcined borax is heaU'd to bright redness it finally 
fuses into a colourless glassy mass, the so-called vitrified 
borax, or borax glass. For our purposes, however, this treat- 
ment is unnecessary, the sKmc; result being produced in the 
melting of the enamel. 

i It is, however, always advisable to melt a small sample oi 
‘ the borax before purchasing, in order to test for the presence 
of pigmentary oxides. If pure, the borax will remain as clear 
as glass, but if the fused mass exhibits a yellow tinge ferric 
oxide is indicated; copper gives a green coloration, and 
manganese compounds a violet shade. 
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From a diemical point of view the behaviour of borax 
resembles tliat of silica to a ci'rtain exttuit. It consists as 
already stated of sodium biborate (acid borate) — that is jt() 
say, the boric acid pres(‘nt is only half saturi^tisl and is still 
able to combine with nn^tallic oxidi's. Now, borie acid ex- 
hibits many points of similariu to sdica in that, whih' only 
a weak acid, at^ the ordinary tt'inpia'aturi'. its tii-e-n^sistin^^ 

properties tmabU* it to disiilaci' tlu' •stronm'st acids from tlunr 

. • 

combinations, at »ed heat 

Oi th(' salts fornird by Ina’ic acid, only those of tlie 
alkalies are solubh' in water, and the fusion of an insoluble' 
borate with a soluble' one r(‘sults in tln^ latte*r Ix'in^ also 
rendered insoluble 'riius, for I'xamph', wlu n sodiiini borate 
and calcium borate art' fust'd to;4eth('r in certain ])roportions, 
the resulting'’ mass looks likt' a colourless ^^lass and may bt^ 
re^^arded as such a out* in which silica is rt'placed by boric 
acid. 

When a basic oxide is brou;^ht into contact, with borax a 
doubh' salt is formt'd, tlit* st'cond ('(piivalent ol’ boric acid 
combinin^^ with the oxitle in tjut'stion whilst tht' salt thus 
.formed uintes with the neutral sotliuin nioiuiboratt' As a 
rule, howa'ver, ;,;lass('s t'ontainin^ bone acid alont;, art' not 
prepared, but only a portion of tht' silica is re])lac(‘tl by boric 
acid in ctimpountlin;^^ ^^hiss and t'liamels 

Tht' intist valuabh' firtijierty <»f bt)ric acid glasses, for tmr 
purptise, is that they usually have a fusin^^ pt>int much lower 
than that of silica ^lass, ami will^run freely at a temperature 
whereat the latter is still semi-Huitl. It must, ht)wever, be 
noted that tht^ resistinj^ pow'er of t'liamt'ls and ^^la.sses contain- 
ing boric acitl is inferitir tt) those containing silica alone. 

The atldition of lead t)xitie aiM btirax to an enamel mass 
giveit an enamel characterisetl by a very Itjw fusing point, and 
consequently taie t^iat can be u^etl in vt'ry thin layers. No 
only, liowever, does the use of borax depend on this property, 



42 


ENAMELS AND ENAMELLING 


but it also serves a very important purpose in the preparation 
of coloured enamels, namely, to dissolve the pigmentary me- 
ti^Uic oxides , and as the borates of many heavy metals form 
highly characteristic and handsomely coloimsl compounds 
borax is added to the mass with this object in view. Besides, 
the fluidity of the (Oiamel mass, when borax is jmesent, facili- 
tates the uniform distribution of the colour. ■ 

The titits impartisi t6 borax ^hy C(‘rtain of the metallic 
oxides are so intens(‘ that, as alrisady menthjned, this salt is 
employe* 1 as a blow[)ipo tt‘st for small trac<*s of those metals ; 
and this prop<‘rty is of sp(‘cial valm* to tin* enaiiiel-maktu’ as 
affording a simple jmeins of detecting im])urities in his j’aw 
materials. This mattta- will h*^ iv'lVircd to latei’ on. 

Hour*’ Agii). 

We have aln>ady sf^m that the active* substance in borax 
is the semi-combined boric acid, ami this acid in the free 
state can, umh'r certain comlitions, l)e used direct instead of 
the sodium salt. At tin* present tinn' boric acid can be 
obtained pure, in eomm(‘rce, in the foian of pearly, and 
somewhat greasy-fet‘ling, crystalline plates. 

When adde<l to an enamel mass, boric acid behaves in a 
similar manner to borax , in such event care must be taken 
to make up for the deficiency as regards soda in the mass ; 
as, however, this re^juires special calculation, enamel manu- 
facturers generally pi’efer to use calcined borax and leave 
boric acid alone. 

Fluor Spar. 

Fluor spar or tiuorite is a mineral composed of calcium 
and fluorine (CaF.d, and octurs in nature either as handsome 
tessular cryJstals or in compact masses. It may be perfectly 
water-white In apj)earance, but other specimens exhibit a 
variety of coloui* in many different shades. Since these 
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colorations are due to the presence ot* small amounts of 
metallic oxiihvs, it is always prtd’erable for our purpost* to 
employ tli^i cohjurless (U' only sli^^htly tinned kinds. • 

Used aloiu', Huor spar fuses ;it a r(*d lu'at an^l eonscspiently 
diminislit^s tlu^ rcd'ractory charactta- of ('ii.inu'l mass(‘s. It 
should, hwwt'Vfi’, ho ohsorx od that when tho mass contains 
an excess iii sili(*a, uncomhincd with has(‘s^ this Ixxh* 
decompos«^s tie* lluor ''pai^ dinin;L;*thc pi’oc(‘ss of fusion — 
calcium silicate |•‘ln^ formed 

( '\A\\ 

The mineral to which thi* i;<Me‘ral name of clay has Ixam 
^ivmi (‘xhihits lll^hly <li\eri;(‘nt chai'acteristics, which ar(‘ dm* 
to the Conditions under which the clay was formed Now 
clay is a product of the decomposition ol felspai*, which latt(*r 
body consists ot silicati's of aluminium and potash, and th(‘i’e- 
fore resemhh's L,dass in com j)ositi< »n ITider tie* destructive* 
intluence* of air ami wate'r, felspar is d(‘(,*ompos(Ml, tin; alu- 
minium silicate rt'inainini^ behind as an insoluhh* suhstaneci 
— clay . whilst the p )tassium silicate* is carri(*d away by the 
•water. tUnce it is that crystals of felspar are not iniVeipiently 
found coat(*<l with aluminium silicate* 

KAeiLIN, e)i^, PeiRe'KLVlN Fi.VR'I'H. 

Peircelain earth (CVzntcvr, kaolin) may he re'^areieel as the 
purest fejrm ejf clay, and consists exclusive*ly e)f aluminium 
silicate. It forms an inseiluhh*, pure; white* pe)weler, infusible 
at the highest furnace* te*mpen’ature; attainable ; and therefore 
may be useel feir the same* purpese; as tin oxi<le; or bone ash, 
namely, to impart a white cohair tee ^lass Te> some extent 
porcedain may be; cemsielere;el as a'l^lass, which melts only at 
the hie^hest temperature;s attainable in our furnaces, anel con- 
sists of felspar ami silica containin<r very finely divided 
particles of kaolin in suspension , so that, in thin pieces. 
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porcelain is translucent, but perfectly white in thicker 
layers. 

If, howev(3r, kaolin is fused alon^^ with mixtures contain- 
ing silica in e^^cess, it is partly dissolve<l and forms with the 
silica an unusually refractory glass. Hence kaolin' is used 
for this purpose in the manufacture of enamel ; great care 
being, however, necessary in apportioning, the amouht ol‘ 
kaolin added, since the enamel iiiass may thereby easily be 
rendered so refractory as to lx; practically iirfusible, especially 
in large ([uantity. * 

White, or Pii>k, Clay. 

This kind of clay is a kaolin more or less contaminated 
with lime and (piartz sand, in consequence of which it fuses 
at a much lower Punperatun^ than porcelain earth ; though, 
like the latter, it is used to diminish the fusibility of enamel 
masses. Both kinds of clay should be entirely, or very 
nearly, free from trac(‘s of iron oxide, or undesirable colora- 
tions of the mass will ensue. 

In fact these two clays are n'ally the bidy ones at all 
suitable for th(‘ purposes of tlu; enamel-maker, the other, 
varieties being usually so highly contaminated with other 
minerals as to yield only coloured enamel masses. Clays 
formed by the weathering of fi'lspathic rocks (granite, gneiss) 
frequently contain a deal of mica, the ferrous oxide in which 
colours the enamel green ; others again are so charged with 
ferrous oxide as to appearVf a grey-blue colour, which, when 
the clay is calcined, changes into the well-known brick red, 
owing to the conversion of the ferrous oxide into ferric oxid^ ; 
whilst still other clays contain sj much lime and quartz sand 
that they sinter, or even nfelt, in the heat of the brick kiln, 
and change* into a blackish vitreous mass. Clay exhibiting 
this tendency is of little value to the enamel-maker, and is, 
at the most, only suitable for common dark coloured qualities. 
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Felspvk. 

This mineral is met with in a variety oi’ forms in nature : 
sometimes* alone, sometimes as a constituent of rocks, life 
granite, gneiss, etc. 

In composition, ordinary felspar is a combination of 
aluminiuiit silicate* with potassium silicate. Koi* our purposes 
the white kind, Vnown as all>ito, is^tlu' (‘hi<'f om* to he con- 
sidered, th(‘ coloured \ari«ftl<‘s Indnir less siiitabk' owing to 
their conttoit of ferric oxid(‘. • 

Pure felspar fus(‘s only at the t(‘m])eratur(‘ of the porcelain 
kiln, and then forms a transparcait, highl}' crystalline mass 
of consideral)l(‘ hardnoss. As alnsidy miMitioned, it constitutes 
in conjunction with silica th(‘ trim matrix of poi’Cidain within 
which the kaolin particl<‘s are (‘mlMMldtsl. Tlu' addition of 
felspar to enaiimls groatly d^'creasos tlmir fusibility. 

By reason of its hardm^ss, frlspar has to ho j)i-ej)ar(‘d in the 
same maniKU’ as (piart/, v/7 , 1)}' i|Uoncldng, in order to obtain 
it in a Hm-ly-div ided condition. 

( l^'P.sUM 

• (Jypsum, which is c<ilcium sulph.ite in (‘ombiiiiition with 
water, is found in a high state of purity, in cry stalline masses 
(moonston«h , or tine-grained (alabaster, gypsum), all these* 
kinds being suitable foi'our purj>oses, «‘xcept gr(;yish-l)Iue anel 
re;d gytrsuin, the* (‘olour of which is due to oxides of iron. 

As a ge'iieral thing, in the pn*j^ration of emamels, gypsum 
is useel only in conjunction with b'lspar or barytes , its (^tiect 
on the refractoi'y properties of enamel is to re'duce^ them to a 
mo<lerate' extent. 

POKCELAJX tsHEHDS. 

As porcelain usually consists of felspar, e^uartz and kaolin, 
the first and last oPtluxse substances when added to enamel in 
the form of ground porcelain sherds, render the product more 
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refractory, while at the same time its power of resisting the 
action of chemicals is also increased. In sorting out the 
porcelain sherds for enamel, all painted pieces must be thrown 
out, as otherwise they would impart colour to the product. 

Broken Glass (Gullet). 

« 

Glass constituting the matrix of enamel., the addition of 
glass cullet to the enamel* mass is therefore a rational proceed- 
ing. Owing to the considerable variety in the composition of 
different kinds of glass, however, it is always necessary to 
determine beforehand, by a trial siindting, the amount and 
nature of the additions to be made to the glass to produce an 
enamel mass of suitable character. 

The sorting of the culhd is an impoi'tant operation, as, for 
white enamel, all coloured glass must b(* excluded and only 
plain glass used. The coloured pieces are collected and 
smelted by themselves for use in lower class goo<ls where 
colour is of less importance. If the glass is too fusible, this 
defect can be renunlied by an addition of refractory substances, 
while in the converse ev(‘nt lluor spar, (Tc., may be atlded. 

Owing to the great diflerences in composition and fusibility- 
of the various kinds of glass, it is only by experiment that the 
remedies to be employed can be ascertained. 



VI 

piWM r:\Ts* 

Enarri(‘l inass(‘s liav(^ tlu^ faopcrt y (>1 a(*<jnirin;^^ any dosirorl 
colour , and, wlnai properly prt^parcd, the (‘oloiii H ai'(‘ ohai’acter- 
iHcd by brilliancy, lustr<‘ and indrsi ructibility— (pialit ios which 
(‘xplain tlie firtdVr^aicc shown loi* coionrod maincls in the pro- 
duction ol vi'ry \ahiabl(‘ w(»rks of art 

Although, in lie* ciiso <d' onanH'Is for technical pui'posos, 
colour is a minor con^doration in c()mparis<(n with the inner 
(juahties oi the product, />/: , power- of withstamhng th<- action 
of ch(‘micals and considci-abh' tliictuat ions ot tr-mperature, 
beauty of colour is nc\ oithclcss a matter of sonn- importance 
ev(in in such enamels. Thus it is w(‘l! known that cooking 
jitensils, fgr examph-, that ai-e coate«l with nicidy coloured 
enariH'Is, iiave a better sale than thosi* cov(;re<l with white 
enamel, notwithstanding that the latt<*r is much more service- 
able than the othei-s , 

The pigments (‘m])loyed in this industry are all of the 
metallic-oxide group As already ^nentiomab ci-rtain oxides 
of the heavy metals have the jrrojrerty of colouring glass ; and 
though very highly coloured glasses an* used to colour certain 
enamels, it must lx- remembered that the pigimmtary principle 
of these glasses is an oxide, and consec^uently one is justified 
in saying that tlie colour of all enamel masses is due to certain 
metarllic oxides. 

The object of the jiresent work is twofold, iu that it is in- 
tended to treat of the jireparation of enamel masses both for 

( 47 ; 
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artistic and industrial purposes. The technical man, who is 
occupied with the manufacture of large enamelled articles, is 
jA’incipally interested in the inherent qualities of certain enamel 
compositions; Whilst the artist or the maker of artistic objects 
chiefly looks at purity and delicacy of colour. 

Keeping the latter circumstance in view, we liiust there- 
fore treat the study of pigments — so far ai^ it concerns our 
purposes — in a more (exhaustive manner ; and also because, in 
the author’s experience, the market for chemical preparations 
of this natiine is only badly suppliied, many of th(' so-called 
})ure pigments met with in C(mim(!rce belying their name, 
and 'being therofoiNe incapable of furnishing pure shades of 
colour. 

While it is true that some* cluunical manufacturers supply 
the pigments r(iquir(‘d d’oi- enamel in a sufficiently pure con- 
dition, the prices are mostly so high that it is preferable to 
make the pigments onesiffi*. LTsually the manufacture of 
chemical preparations necessitates an accurate knowledge of 
chemistry; but as the substances nsjuirel for cedouring 
enamels are most freipiently used by artists and makers of 
artistic products who ar<i s(4dom poss(\ss('d of an extensiv(‘ 
acquaintance with that science, the di'scription, given in the 
following pages, of tlu' methods of preparing the pigments in 
question, will be of such a natun' as t(j enable those whose 
chemical knowhslge is imTely slight to make the substances 
they re(juii’C. V 

The pigments used for enamel masses are as follow • — 

For yellow : antimony oxide, potassium antimonate, 
potassium antimonite, lead antimonate, silver 
oxide, ferric oxide, uranium oxide. 

For red : ferric aluminate, sodium-gold chloride, tin- 
gold chloride, purple of Cassius 

For oramje : mixtures of pigments for yellow and red. 
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For 'iirru . cupric oxide, chromic oxid(\ or ferrous oxide. 
F<)r hlnc • ci>l)aitous oxid»\ colmlt silicate' or smalt zattre. 
For i^iolrt maii;;aiit‘s(' oxide'. ^ 

Forlnoun feri'ic oxidr. 

Fio hltO'k fe'rrous oxide* in lar^e* preeport ieeii. 

riie^ list me'utioii'^ e)uly th(‘ prineup.il t’undame'utal 

colours ohtainal)!*' 1 )\ the* aid of tie* pii^me-uts ,sp(*citi(Ml. 'Du'se 
colours are', Itowe'xeu-. insurticieut hy lar leer the' purpose's of 
paintin;j^ in (uiamcl, the* artist, in this hrawe'h r('i|uirin;4; as lar^e 
a I’ano'e' ot e'olours as his othci conf'ihrs of tht* brush in or<h'r 
to he able; to obtain any de'sired shade*. Now, the* latte'r ohje'ct 
can only be* attained b\ e'lnployine- laret*!* e)i- smalK'i’ propor- 
tions e)l the* pi^^nie'iitai^’ m ate*rials, ami tht*re'by producin^^ a 
^raeluao*d sc<ile ol slnnle-s of the* jairc ceileeurs , ami whem it is 
de'sire'd to lia\i‘ mixe*d colour^' the che*mie*al e eempeisition of the 
[li^irn'iits will ha\e* to be* imMlitie-d in e*(*r(ain \\*a\’s, oi* special 
artifice's must be* re*s(Mte*el to. 

As a more suitable* eipportumty eel conside'i init the latter 
esa'iitualitie's wiW arise* \vbe*n tin* proce'sseif e*namelllne* is umhir 
discussion — the inatt'*r may be* le*tt e)Ve*i' until t!n*n, and atten- 
tion now 'fire'Cte'el to the* pen e*ly (;he*inical side* ol t het e jUestioiy 
namely, the* })re*p:n’at ion eef the* vai ie)us pi;4me*nts, neet omitting 
to mention that tin* use* of cln*mii-ally pure* mate*rials enables 
one to obtain an}' de*sir(*el shade* mue*h moi'e* e'asily than when 
sjiecial attemtion has to be* be‘stowe*el een tin* pre*s(*m*(^ of 
impuritie*s accompanying tbe- tru^ actise* j>i'inci])les in the 
pi^ini'iits einpl()}'e*d 


\'i:i.L0W I'KrMKN'rs 

The sole iiH'ans e>f pro lucine’ a purei yedlovv in emamels is 
by the aid ol antimony oxiele, potassium antimoniie or silver 
oxide; for che*aper ejualitie*s, however, ferric oxiele is also used, 
though, strictly s[M*aking, the* colour obtaineel is not yellow at 
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al], but a peculiar n^Mish brown, .such as may be seen in an 
intense form in brown wine bottles. 

Antimony Oroide. 

This oxiOf' may l)e pn^parcO by the wet or dry method. 
In the former case, . tinely powdered imdallic antimony is 
plac(id ill a ^lass vessid (standing- in a liasin (>f water) and 
treated with nitric acid' of a c^Ttain .strcaioth. Tin' acid 
rapidly attacks tlu* nudal and converts it into a white jiowder, 
reddisli- brown fumes Ixdni; evolved. Owini;- to tin' xiolence 
of the reaction, th(‘ acid must b(‘ addl'd in small (juantitii's at a 
time or tin* contents of the llask will overilow, (‘Vi'ii when the 
lattm* is comparativi'ly laro-e. Towai’ds the closi', thi' n'action 
abates and may then hi' assisti'd by carefully heatinj;’ tlie 
water bath in which tlu' Hask is immersed. 

1\) obtain a product of W(‘tl-d(>fin(*d pro[)eities it is neces- 
sary to work [irecisely in accordance with the instructions now 
^iven. Th(‘ following (juantitii's, viz : — 

Powdered antimony . I pait 1)\ 

Nitric acid (sj) ] 2) . , 4 parts ,, ,, 

Walci , . ... s „ 

are taken, and the I'lisuin^- pinduct (the Stibium oxydatnm 
(jrisnm of the phariiiai'ist) must Ik' thoroughly washed with 
hot water and wei^hml , it is, however, not (piite pure, as it 
always contains small (juantitii's of unaltered metal and basic 
antimony nitrate. Ni'vi'rtheless, as the jiroportion of these 
impurities will always be constant, provided the above condi- 
tions are adhered to in makin<r the preparation, it will be easy, 
by nu'ans of a few tests, to produce well-defined shades of 
yellow with this material. The washing in hot water is an 
important feature, ami must be continued until the li([uid 
ceases to take up any portion of the jirecipitate into solution. 

Wlien metallic antimony is heated in an inclined crucible 
it quickly fuses and, when the heat is increased, takes fire, 
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this rtiVot accrh^rated hv hlo\viii*x Jiii’ iuto the crucible. 

The combustion is accom]>ani(Ml by a |)(‘(Miliai‘ bluisii Maine and 
dense white funn's of aiUimony (cxide an> i^iven oM' 'rhe|e 
condens(‘ c)n the coolia* upjHM* sidt^s ol tin* crucible — which 
tlu*ref<»re sliould not Im* emhe«ld(‘d in carl)on — and lonn 
d('li(‘ate lustrous nei'dles, w'hit'lj are si'iMpisl ofl and rtunova'd 
from tinn* to tinn; 

'This oxiilc (/’’/('/f’s (inin)iniiti (It , (U* V/' sfihi/) is also 
im[)ur(' and usualK* conlauis \ai-iable |)C()|><M t i( )ns of antiinoni(‘. 
acid and antimony antunonalc* I'o restlict the foianation ol 
the litt('i’ It IS a<l\isahlr to heat tin* crucible no hi;i;ln‘r than 
is iK'cessaiy t(» e,uis(* (he antimony to i;^niite and continue 
burning. 

A bctt('r method tlian the I'orei^oin^X b) raise a (‘laicilih* t-o 
stroll;; red b\ emb(*<ldini; it in i^lowin;; charcoal, and throw 
in small <|u,uit it 'os nl tlm lollow'in;; finely powderi'd and 
intimately mixed in^rt'dients 

.17 i)a, IS lt\ wci^'ht. 

S,i It ))(‘t I f 20 ,, ,, ,, 

1 ’( a.i '"1 II m III ^ulpliat I 1 ’» ,, ,, 

Win'll the w hoh* has been throw'll in, tin- crueibli* is kc'pt rod 
hot until tin- eont* iits flow ealmly, wher(*up(jn th(*y Aia* poured 
out on to ,i cold stone sl.ib < )n bi'oakin;; up the solidified mass 
and ('Xt iMct iiiK it with 1 oiiiiiL; watei', in-arly pure antimony 
oxidi* is left. 

'Idle ]>urest oxide, and that most suitable for fine enamels 
is obtained as f'olhnvs. — ^ 

(d)mmercial antinn ny snljihide is reduced to tine powder 
afnl boiled in a ;;lass or porc<‘la*in vessel with hydrochloric 
acnj, in which it dissolve's with evolution of sulphuretted 
hydro;;«*n. When ])erf(*ctly cold ihe liipiid is (h'canted from 
the insoluble residing and ti’ansferred to a lar;;e vessel contain- 
ing; at least a twmnty-fold quantity of wtiter, into whicli the 
.solution is run as a thin stn*am with continual stirring. The 
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ciitiro lifjiiid iiiiin(‘(liat(‘ly turns milky vvhitt', and a heavy 
white powder (powder of ali^aioth) is pi‘ecipitated This is 
c<^'liected in a eoniea) hlha* of closely woven linen'and washed 
with wat(ii', after wlueli it is placed in a basin and suti'us(^d 
with a solution of i [)ai’t of soda crystals in d parts of watia-, 
the annjunt of this solution bein;; such that even after pro- 
lono-(;d standing, subsiMjinmt to boiling, it still r(‘mains alkaline 
to test-pa[)er. Tie* contents of tlii* basin are ai^ain plaei'd on 
a liiKMi lilter, thoroughly waslnal with water, drit'i], and stori'il 
in a closi'd \ess<'l. TIk' proiluct is chemically pure antimony 
oxidti 


f\>ttissu/)n I iitnnoiiilt’. 

This pi'(‘paration, which lurnishes an iiderior yellow to 
that yi('lded by pun* antimony oxidc', is obtaineil by 1111x1111; 
comniereial Miitinioiiy sidphide witli half its weight of salt- 
petri', and throwiiii; tln^ niixtun^ in successi\'e small ipiantitii's 
into a r(Mldiot erueible, which is tleai heati'd for some tinu", 
lon^mr and sid aside to cool On breakin;^ the ciaicible a white 
fused mass is fouml, undrrneath wliieli is ;^omm'aIIy a layer of 
unaltei’ci], fusisl antimony sulphide Tin' white mass is tinel}' 
powdm’i'd ' <lry, and ston'd, it consists of potissiiini antimon- 
ite, to^etlu'r with a little potassium sulphate and potassium 
aiitimonate, and is suitable for prejiariny commoner grades of 
yellowx In point ol beauty of colour, howevi'r, tin' elnmiically 
pure antimony oxidi' prejiari'd from antimony snl[)hide and 
hydrochloric acid by the xVi^t method, is superior to any other 
preparation of antimony. 

Will'll fused with enamels, antimony preparations yield 
a specilic yellow which may be toned by addins- suitable 
adjuncts ; thus, an addition of red h'ad produces Naples 
yellow, while with ferric oxide an oranov 3a'llow is formed, 
'riie reaction occurring- during the fusion of (he enamel mass 
in presence of red lead is of the following nature : — 
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At hmI lu^at, luniium lead) ;L:iNes oft oxy^^on, and is 

riMlius'd to tile statr of litharii^<‘, tho lil»orat<‘d oxy^j^cai instantly 
oxidisiiiu- |)ot,»sviuin antiinonito and ])ro<hu*in;^ ant.iinoiy^c 
.icid, wlncli unitt's witli tho litliar^o, wlidst tlu‘ ])otn^h coin- 
f)in(‘s \\itli silica. As .i matter of fact, tlit* reaction dot's not. 
^^o on s(t smoothly as thi^ in pracfc'e. and considcrahle t'xticri* 
cnci' is necessArv ‘to lot, ofTtlc' exact shade r('(]uirt'd, hy adilin^ 
red lead It is therefore ;4d\ isahh' to mak<* usi* of tlu' lead 
antiiiionatf' in a iead\-n)a«le eonditnai. which ma\' 1 h' jircpared 
hy tic enainel-m.ikei , a-^ th<' eoinmereml Na))les yi'llmv is 
(‘\pensi\ c to lin\ 

A 11 1 1 nn ‘Uti f < ) t’/IdU') 

dhe sinijilest method o| jaepaimo this pi^nn'iit is liy 
intim<it('ly mixin;^ I pait ot (heniie.dl\ pure taidar ('Uietic 
>vith 2 pai'ts ol had nitiate and \ paits ol common salt 
(sodiuiii ( lilorc 1(‘ ), a ml hmi iii; t he mi \f in e in a. 1 1 • ‘ssian crncililt* 
at a. moileratt' I’ed heat I'his done, th»' contents of the crucilili* 
art' ponied into deep \css(‘l ol walt'i, the cincihh' itst'lf Iicin;; 
also dropped III when cold, (‘ommon salt. pass<‘s into solution 
find lead antimoiiate is h'ft hclnml as a \ellow jiowah'r. ddu' 
ohject, oi addiii;^ t he sodium chloinle is to iii-eNcnt the t(*m pi' ra- 
tlin' risino hcyoml a certain limit (the point ot \olatalityof 
tliis suhsianci'j duiiii;; tUe opeiation ol lusioii. 

fill' sineltiii;^ of the mixture i e<jiiii es, how'i'V I'r, a certain 
amount ot caie to maintain the m<^t Luouiahle ti'injiei ature. 
Thin, if the mass is heated pist to fusing point, tlie n'sultine; 
pijj;ment will meld an oian;4e sji.idt' , wdiih* the more it is 
heateii the nearer will the colour approach h'lnoii or sulphur 
A^vllow', and the mass wdien poured into wati'i- wall h('. hard, 
re(juirin^ to Iv* hrokeii u]) and extracted with liot wniti'r 

A \ ery handsoiiK' Naples yelhnv can also l)(.* pn 'pared by 
tusin^ 2 jiarts ol t^irtar euK'tie with 3 parts of ('(jinnion salt 
and 4 ])arts ot lead nitrate. I he lusial mass is tn'ated in 
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the cold with dilute hydrochloric acid which dissolves out the 
excess of h^ad oxide and leaves a deep colounsl pi^nnent. 

% 

Silrrr O.ri/lr. 

All unusually handsomi' hut (‘Xpensive yi'llow for t'naniels 
can he obtainwd by the usi* of silver oxide. Hen*, Jiowevei', a 
chciuically jiure oxidi* is (‘ssential, and suck may b(* prepai'cd 
in the followiim manm'r ' - 

(Jommercial silver is dissoKv'd in nitrie acid, the solution 
beiii^- blue from tin* coppi*)- aecompanyino- the silver Hydro- 
chloric acid is then added so lon^‘ as the caseous pn'cipitate of 
silver chloi'ide continmis to foi'in. This is tilti'n'd otl‘ and 
washed with wati'i* until tin* washini^’s no lon^vi’ turn blue 
on tin* addition of ammonia. When this is tin* case tlu; pn*- 
cipitate on tin* filter consists entirely of chemically l)ure silv(*r 
chloride, which, when <lried, is ready for use. ddiis pi’epara- 
tion is, howevi'r, mon* dillicult to work with than silv(*r oxide, 
and it is tln*r(‘fore advisable to couv('rt the chloride into 
oxide, by placing; the undrn*d salt in a lar^c* ^lass vi'ssel alon^- 
with stri])S of zinc, and watt'i’ stron^-l)- acidiH(‘<l with hydro- 
chloric acid, in a ver}' short time tin* wliiti* silver chloride 
begins to turn black and is r('duc(*d to the m(*tallic state, 
as a ;^reyish-black j)Owder in an <*xtr(*mely tim* stab* of division 

When tin* reaction is tt*rminat(*(J the silver is colh*ct(*d 
on a tilt(*i'. thorou^'ldy waslu'd with wab'r, and dissolved in 
nitric acid, from which s<jlution it is thrown down aijain, by 
caustic potash, as hydratrd siha'r o\id(*, which is thi'ii collect(*d 
and dried. An enamel containin;^- silver oxidi*, exhibits, after 
fusion, a supertieial coatino* of nu*tallic silver, resultin^^ from 
the reduction of the oxidt* , but when this is scrapi*d off with 
a sharp tool a bi'autiful and inti'iise yc'llow is disclosed. The 
colour can also be produced by niixin^^ dry silv(*r chloride 
with the enamel, but in this case the attainment of the exact 
shade is more diihcult than when the oxide is used. 





Fo) nc (h ide 

111 corn'liidin^^ tlir (K'scrijitiou of tlic yt'llow-producii^^^ 
|)i^m('iits, iiu'iitioii should 1 h‘ mjuh' of fen ic oxides d’hi.s 
HiibstiiiiD!, wlu ‘11 usimI by itsidf, funiisbcs tlic wtdl-known 
yollowisb j‘(‘d-bro\vu (‘olour to bo sotui in brown wiiu^ bottlrs, 
but vvbon uii.x<‘<l, with otlnu* pi^^niKuds producos a corrospond- 
iii^r liKxlitic.ition of toiu*. WIhmi add('<| in l.ir^^c pi-oportion it 
turns onauu'ls (puto bbiok 

Owini; to its low pnro, bnido oxidi^ is largely ('UiployiMl 
as a pi;^nicnt for cnann'ls, and is ^onorally us<m1 in tin* torin 
of oominoi'ci.il colrotbar (t'aya// moi t iinni), wdnob, bowev(*r, is 
iK'Mii’ (|uitr pnr.‘, and consotjui'idly docs not fui’iiisb bi’i^bt 
colours 

d’o obtiin a pi'rfocdy pun; o\id«‘, suitablo for producin'^ 
sbadi’s ran^inp’ from p,d<“ \<‘llow tol^ottb' brown, tin' lollowin^ 
mctliod may Ih' pursued 

Iron, of a \i‘iy pure kind (r-/, sIkm' nails), is treated with 
dilute sulpburic aci<l in wbieb i(. <iissolves, with (‘Volution of 
b\'(lro'j^en Tli(‘ snlution is tiltere 1, and, .ifl<‘r Ix'ine boated to 
, boiline-, is^irea cd with potassium oxalat(‘ solution, so loii)^^ as 
a pM‘ci[)itate coniinm's to form ddds is eolk-oted on a filter, 

lightly washed and diied d’be ;;-|-eenisb powder (b'rrous 
oxalate) thus obt.iined^is gently beat(‘d in a ])or(;elani basin 
until it be;y;ins to elow and eiadually ebanee into a black 
jiowder wbieb b(*eomes a beaulilul I'e 1 when cool'd. 

d'be cbeinically pure fen i(‘ oxide thus obtained constitutes 
an exeellt'iit ])ioiiient foi’ enamels, and is sjx'eially valuabb' on 
account of its tii-e-ri'sistin;; pi-opeidies It yi(;lds uncommonly 
well, so that a very small (piantity is sufbeent to impart a 
decided yellow colour to a larm* Amount of enamel. It is to 
tin-presence of small (juantities of ferric oxide, asf an impurity 
in the raw materials, that tlni yellow shade ('xbibited by 
cm-tain common (pialities of enamel is dm*. 
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coolin;^^ S|)(^cial precautions — which will he referred to 
latei' -must also be taken in fusing- th(‘ enamel masses 
cv'l<->ure(l with this prej)aration. 

l^y chan^'in^^ the proportions of feri'ous sulphahi and 
aluminium eompounds in tin; mixtui'(! didia-ent shades of red 
can be produced. For instance, 10 parts of ferrous sul])liate 
and dO parts of alum, mix(‘d and ti'eated as abo\a>, will 
furnish a product impaidini;' a liavdsome- Hesh tint to eiianud. 

The w(;altli of colour alVorded by the fenac oxid(‘ prepara- 
tions, combined with their ch(;apm*ss, plac(‘s them among the 
most valuable ami most exbmsively (miployc'd pignuaits now 
use I in the ('iiaimd industry 

(iold 

Tin; priiparati jus of uold sm'ving for the production of 
purph; i'cmI shades in enann'ls a.nd i^lass mass(‘s yhdd the finest 
colours known, though at tin* same' time tln> manufactui’e of 
the pigments (or i-atlna- their incorporation with tlu' enamel 
mass) is tlu' most dillicult of all tin' tasks W(‘ ha\e to d(;al 
with in this conm'ction. Foiain'idy, pur[)lc of Cassius was 
the sol(‘ means (‘iiiployi'd for the pia'pai’atioii of gold re Is, but 
of late its placi' is fr('(jU(‘ntly takon by pure' gold chloride in 
combination with sodium chlorid(' 

S()(liii)ii-( rohl ( dil(i) idc. 

ddiis product — foi-merl\' als ) used in inediciiu' under tlu; 
name o', gold salt, Sal aun I'njuien, or Aiirum inuriaticuin natro- 
uatiim cnj'ilalHsaliivi—\s pri'pared in the following manner; 
Cold, [)referablv in tin; form of gold <lucats, which are made 
of very pure metal, is placed in a glass b *akei’ standing in a 
basin of water, and covdiH'd with frc'shly pn*[)are I nitro- 
hydrochlorlc acid— najia — composed of 1 part of nitric 
acid and 4 parts of hydrochloric acid,, the reaction being 
assisted by the application of lieat to the water bath. 
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WhiMi ducats liav(‘ hccn onn)l()\i‘d no rcsidiu* is left, the 
gold cntirt'ly dissolving, hut if ,sil\ er he ])n‘sent, an insoluble 
siMlinient «f silv(a' cldoridi* nanains behind Phe solution yis 
ptjured oft with care, and is t'vaporate 1 to di-yiu'ss in a 
porcelain basin at a gentle heat 

Pu]’(‘ '♦odium (*ldori(h\ in <juantity c‘(jual to one-lourth th(‘ 
original W('iglit of gold t.iken, is added to the di'y r(*si<lue 
and tin* whole is tlu'ii diss(^l\rd in water and re-evai)oi‘at(Ml to 
complete dr\’m‘ss* 

* ‘ • 

7 Ve-t /'e/d ( 'llloi nil’ 

Nowadays the use of purj)l(‘ of ( 'assius Idi- ])rodu(*ing r(‘d 
on enaiiK'l is supei-sed(‘<l by a c(»mponnd chloiaile ol tin and 
gold This is pri'par<*d in ('\aetly tin* saim* manm'r as the 
doubh* salt of gold and sodium just <h'seribed, e\(M‘pt that 
after the gohi chloi’ith' solution has been evaporated to 
dr\'ness it is re-dissol\ed in w.iter ami mixed with a solution 
oi till chloride A prc'cipilate of tin-g>ld chloiidi* is thrown 
down, which, aft('r being collet t(*d on a filter and washed 
with pui’e water, is dried b\ gentle he, it 

/ho j>lt‘ Ilf ( '//SS///S • 

'rim substance known und(*r this title isditlicult to pn'pare, 
and its properties and^Cdlour diller aceoi'ding to tluMuethod 
of ])reparation adopted, .i trm; gohl |)Ui-pte of (’assius being 
formed onl}' when a solution of ^ild chloride is brought into 
contact with a li(juid containing both stannous chloride and 
stannic chloiTle. 

*()ut of the nuim^rous existing recipes for obtaining this 

preparation the following ar(* known to be i-eliable — 

% 

Liifhl Pi(ij)l('. • 

According to \Yachter a light sha<le of goM purple can be 
obtained b}^ the use* of tin* solution of stannic chloride prepai’ed 
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by dissolving 5 grains of pure tin in boiling aqua rcqia, 
eva])oi'ating this solution to dryness on the water bath, and 
r^-dissolving th(^ mass in distilled water. On the othei* hand, a 
solution of stannous chlorifhi is pr(‘,pared by dissolving tin in 
hydrochloric acid, th(! metal Ix'ing in excess. This solution is 
concentrated to a (hmsity of 17, and 2 grams are Mien added 
to till! stannic chloi’ide solution the whole being <liluted with 
10 liti’i's of watei'. , 

d\) this li([uid is add(‘d a solution of gold chloride (prepared 
hy dissolving 0'5 gram of gold in aqua, mjia, evapoi’ating to 
diyness ami re-<lissolving in water), tin' whole being stirre<l 
thoroughly and tnsitcd linally with dO grams of ammonia. 
The gi'eater part of thii li(piid is decanted from tin; resulting 
])recipitate, and the latter is then (collected on a Hlba’, washed 
([uickly, mixed with 20 grams of lead Ilux whilst still moist, 
and linally dried. 

'this lead tlu\ is compoun<led (►f a mixtun^ of 2 })arts of 
re 1 lead, 1 part of (piartz and 1 part of calcined borax. 

Tin* resulting preparation is aimThyst in colour but may 
h(‘ convm’ted into tru(.‘ pui’ph‘ by adding to it, when dry, 0 
grams of diy silvm* carlionate — pri'pared by tia'ating a solution 
of silva'r nitrate {lapis utfenialts) with sodium carbonate, so 
long as a precipitate contiinu's to form ; then washing the 
latter and drying it. 


iLik ruipic 

To prepaid' a dark purple, a solution ( f O’d gram of gold 
is diluted with 10 litres of water and mixi'd, hy continuous 
stirring, with 7*d grams of stannous chloride solution (sp. gr. 
17) and a f(Av di-ops of .suljihurii^ acid The moist precipitate 
is mixed with 10 gi’ams of lead Hux and 0 5 gram of silver 
carbonate. 
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I\OS(' PlDjtlc 

Rose pui’})le is ohtaiiuMl ])y dissolving 1 ^rraiii of ^old in 
aqua leqiaf and inixin^^ this solution with a solution of ifO 
^G’ams of alum in 'iO litn's of water, and 1 5 ^lams of stannous 
chloride (sji. ^r. 1 7), ammonia heini^’ tlam ad'hal so hmi^ as 
a precipitate eontiniios to foian 'Phr j>reeipit.it(‘ is washed, 
mixed with 70 j^ianis of haid Ilux aiid 2'7 i^o-ams of silvm* 
carbonate, and dri(Ml * 

Th(‘re an' many otlea* rreipcs for pi'<'painij4 ;j;old purple, 
but in all of them tht' rub' applets that, to obtain a ;jfood 
coloui', th(' solutions (‘mployisl must be v»*ry dilute It should 
also be obs(‘rved that tin* colour of tin* pi'i'pai’at ions tlemistdves 
is no critei'ion of that impaidiMl by tlmm to imaimd, an u^dy 
bi’own-red p\u'pIo, often produemi:- tie' most beautiful shade, 
whilst a bia'i^hl-lookini; prt'paiation jnay yi<*ld shadivs the 
revers(‘ of ban Isoiin' 

Tlu'. (piantity of ;;old pui ph\ or otlna- ;^^old preparations, 
iHMjUircil to })roduc(‘ int(Mis(‘ (‘oloratioii of the ('iianud, is v<‘i‘y 
small, i^old bein;' chaiaet<‘ristMl l»y a sj)eciall\ hinh pi^ninuitary 
powei’. 

• Owin;;,* hoW('V(n', to tin* tiouble invoKed in its p^'cparation 
and the in'(‘yularit\' ol tie* i-csults obtained, o(,|d jairplc: is 
^ann;^' out of list* as a ])iynient for i;lass, p(a‘celain and 
enamels, and is bein^^ siipplanted by tin-;^a)!d chloride, (jr by 
the doubh' chloi'ide ol ^old and sodium 

Oridi'. 

A purjile red, eipial in beauty to that obtained from ^old 
compounds, is pi’oduced in ^;lass by cuprous oxiihe Uid’ortu- 
nately, howevei', this substanci- cannot Im? used bn’ cnam(*ls, 
owin;( to the n*adiness with whicli' it is convm-ted into cupric 
oxide during the n;p(*ated meltings necessaiy in the case of 
these pre{)arations. . As cupric oxid<; j)roduc(is a bluish-^r(‘en 
colour in ^dass the results are, thereforii, liable to be erroneous. 
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Orange Pigments. 

No priiparatioii capable of proclucin^^ an oran^^e 

8Va<ie in enamel is known , but, as this colour is a .mixture of 
red and yellow, it can be prepai'ed by mixing r(‘d-formin;^r 
and yellow-forininjr pi(rni(iiits to^^(‘th(‘r in suitabl(' propoidions. 
Success is, hewe.vei-, c(M-tain only wdien a prejmration of 
antimony is used alon^^ with the nsl iron pi^-mcnt (feri-ic 
aluminat(‘) , ^^'old compounds ai-(; I'lisuitabli', Ixdno- too r('adily 
conv(‘rt(‘,d into metallic i^old 

Tin' n snltint; sbadi* of oi'an^^e ()l)tained vaim's from oi’ani^^i; 
y(!llow, when tin; antimony ])r('paration pi'e])oiid(M-ates, to a 
reddei' tin^'(‘ wIkmi tho conditions aro i’e\ (‘i‘s(‘d, 

(iHEEV Pigments 

(li'tM'ii enamel may Ix' prt'panMl in various ways by in- 
coi'poratin^’ certain metallic oxides with iht' (‘naiiK'l mass, or 
by addinti’ to the latt(‘i‘ a mixture of pigments pi‘0<lucin(;‘ bliu' 
and yi'llow colours l•(‘specti\ ely. As, how(‘V(‘]‘, in this latter 
method tin; j-(‘,sultini; sliadi' of colour is less under conti’ol, 
besidi's bein^ more troubl(*some, tin* dir<‘ct pi‘(;C(‘ss is generally 
adopGsl, 

'rh(‘ oxides capabh' of colourini; tuiamels aia^ ferrous 

oxide, cupric oxid(‘ and chromic oxid(‘ Each of the.s(‘ (le\elops 
its own pai-ticular shad(‘ of ^reen, b'rroiis oxide yielding “bottle 
^reen ” (the colour of common oixsui o-lass), whilst copper and 
chromium furnish emerah^ shade's of ditlei’ent kinds— readily 
distin^fuisliable by comparin^^ L'lasses tinted with these* oxieles. 

Ferrous Oxide. 

Owin^ to the inleriea* »^i‘een deve'lopeMl by feri'ous e)xide*, 
ami the eiitticulties encounK'reel in producini,^ the colemr, this 
substance is seldom useel for cokuring ename'ls. The author 
has, however, fouml that a very handsome shade is obtaineel 
pj'nvidpd th<‘ fprrmi*i nviflp n«orl in n ri^U'fectly pUl'C statt'. 
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the depreciation ol' the colour lu'iii^^ occmsioikmI by tlu^ pri'sence 
of otlier metals, moiM' especially inan^^anese and copper, as well 
as by fei'i'ic oxidi'. y 

Feri’ous dxiih' (*annot be us(‘d as such, Ix'caiisc' wlum pre- 
cipitat(‘(rfrom combination it is (-(inverted, on ('\posur(‘ to air, 
into t'eiric yxi(I(‘, which yiv(-s a brownish \ (‘How. ( 'onseipK'ntly 
th(‘ only way to (iinploy ferrous o\id(‘ is in [\\v condition of a 
f(‘rrous salt, taknm (Mh- at th(‘ ^ame turn' that tlu' enaiiK'l 
mass is frt‘e fi'om ?in\ lasily ieduc(*d metallic oxiih' (cy, lead 
oxid(‘). Th(‘ mass (mh only In- used as a t ranspai’i-nt coatin^^ 
Ol- “ eo\'(‘i' ’’ 

'The best foi m of baious s.alt. is jain- b-noiis suljihate, 
which can be hk st suitably pn-pait-*! in th(‘ follow in^^Miiaimer 
Iron Is dissolv'd in dilutt- sulphurie acid, the imdal beini^ 
k(‘pt. in excess, and tin* ri-actions assisicsl linally by ^nmth' 
heat. The hot ohition is liltoiod into a V(‘sscl eontainin;^^ 

an (;(|Ual bulk ( I \t‘r\ ^tronij; alcohol, which e ki'pt stirrt'd 
during the operation in order to pi<‘\enl. the foi-ination of 
lar;;'(‘ eiystals, After lea\'ine at r(‘st, e(‘V(‘red up, lor twiflve 
houi-s, tli(‘ tine c)\stalhne d(!posit, of pun- ferrous sulphate is 
dried (piickjy by jn-essin;; bet\V(!en layers of filter paper, and 
is then stoi’(‘il in projierly closed vessels It is adih'd to tho 
enamel, in .i dehydraied (-ondition 

This pure sul{)hat(! wjll \ leld an .i;:^reeable ;^n'i‘en, and one 
that is pai-tieularly suitable foi- use in imitations of old works 
in (‘iiainel. I 

('i(j)iii O.riilr 

• 

(aipric oxele may be obtaim-d by the direct imithod of heat- 
ing; tine tilin^^s of the metal to ledn^ss in a Hat basin until they 
have become black, tin? metal havin/r ab.soi-bei! o.xy^mn from 
the air and chan;,M.-il into cupric oxide. The conipleb' con- 
version of th(‘ im‘tal in this manner is nevertheless a lenj^thy 
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operation ; the product thus obtained, however, may be used 
to advantage as a green colouring matter for ordinary enamels. 

Special beauty of tone is furnished by a product obtained 
from chemically pure copper by the very simple method of 
preparation described below, which may be universally re- 
commended. , 

To produce chemically pui-e copper, a number of pure zinc 
strips are placed in a large glass^ flask holding several litres, 
and over them is quickly poured a filtered 'solution of cupric 
sulphate (blue vitriol) up to al)out two- thirds the capacity of 
the flask, which is then closed and strongly agitated for 
some considerable time. On strongly heating the contents 
of the flask, a deposit of pure copper in the state of very fine 
powder is obtained, ami the agitation of the vessel is continued 
until the li(|uid has become colourless. The latter is then 
filtered off and the copper washed with hot water, dried and 
calcined, whereby it is (piickly converte<l into cupric oxide. 

To ensure an extremely fimi state of division tfie washed 
copper may be dissolved in nitric acid and re-precipitated 
as black oxide, by adding caustic potash to the boiling-hot 
solution. ^ 

The enamel colours yielded by cupric oxide may be toned 
by suitable additions of ferric oxide. 

Chromic Oxide. 

Chromic oxide green ij< often developetl in enamels by the 
indirect method, wherein a certain proportion of potassium 
bichromate (acid, or red, chromate of potash) is added to the 
enamel mass, together with some deoxidising substance which 
reduces the chromic acid to chromic oxide, whilst the potash 
enters into combination With the vitreous enamel mass. 

This ihethocl is used where no strictly defined shade of 
chix)me green is required. Where, howeyer, gi'eater precision 
is exacted better results are obtainable from pure chromic 
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oxide prepared in varioii'^ 'vnys, the handsomest eolours l)ein^, 
howev(‘r, oht;iined when tlu' following method is pursued: — 

Two paj'ts of finely |>owd(‘n‘<l potassium hichromate ai/ 
mixed with 1 ])!irt of powdtued sulphur, tlu' mixture hein^ 
then plaet'd in a Ilcssiail erueihh' — whieh it should only half 
till — covenwl with a loos»* lid, and k(‘])t at a ^^('ntle red heat 
so lon^ as the tlami* of tlu‘ hurnin^j; sulphur eontinues to 
appear. When cold, i^indt'ots of tlw' criicihh' form a 

hritth', [)orous mass, which is linely pulverised in an iron 
mortal’ and tlum (‘\traeted repeatedly wdth w^at(‘r, containing 
a little hydi’ochloric acid to r('mov(! any iron pnvsent and 
W’hich w'ould s]K)il the coloni’. 'Pin' ri^sidue of pure chromic 
oxide is tinally dried hy th(‘ application of Ineit 

A vei’v handsome hut expensive chromic’ oxidt', particu- 
larly well adapti'd tor coloni’inc (‘iii^um'ls, is ohtainecl hy 
lu'atinc^ imn'cui'icns chromate, air hein;..^^ cixclmh'd. To this 
end mercury is dissol\e(l in an excess of nitric acid, the 
solution mixed with potassium hichromate, and the prc'cipi- 
tat(‘ drie<l and lu'ated t<» redness in a porcelain criicihle. Tlie 
pnxluct is dried after I’epeated w'ashin;^s, and I’orms a very 
handsome ;^^’(>en chromic oxi<le. ^ 

Hm’K Pkjmknt.s 

(’ohilt is the sole hl«e-producin;^^ pi^^menl- at presemt em- 
ployed in th<‘ enamel industry, no other hiun^r ahhi to espial 
it in beauty of colour and pro<lm’tiNt‘n(‘ss. It may lx* used in 
various forms: as protoxide fchromous oxide), chlorides, etc, 
as well as in the condition of a siLicah’, the so-calhsl “smalt". 
Xow' the commercial varieti(!S of smalt, thou^di the hner 
amongst them are of handsome; colour, are not good e;nough 
in this respect for use in the best emamels, and it is therefore 
desirilhle to obtain cobalt preparations that ai’e frea* from 
impurities ciilculated to impair the colour. In this respect 
cobaltous silicate is superior to all other preparations, and 
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nhould be made by every mamibicturer of coloured enamels — 
th«‘ colour obtained surpassiii}^^ all others in beauty. A reliable 
recipe lor the production oi this compound is ;^iven })elow. 

('Ohaltoii'i SillrdJr. 

This s;ilt may be pi‘«!pared from the cobalt orc's : cobalt 
glance, smaltine, <‘tc., by I’l'ducin;^ th(‘m to- a coarse powder 
and roastin^^ them with unrestricted access of air, wdiich 
volatilis(‘s — as wliitn ai'senic (arsenious a'cid)— the treater 
paid of th(‘ ai'senic usually pr('s(‘,nt. 

The residue,, stirred up to a thick paj) with concentrated 
sulphuric acid, is then h(‘at<'<l to bi'i^lit l•lMlness in a furnac(; 
and (}\tract(Ml with w'atcr The cobaltous sulphati! resulting 
from the sulphuric acid tri'afnamt has the powo-r of with- 
standing- tlu! action of very hi^^di t<*mp(a‘atui‘{'s, which decom- 
])OHe the salts pi'octsMjinu from the otln-i' oxides in the air, 
and convert them foi* the most pai’t into oxidc-s or insoluble 
basic salts. 

Dui'ine- th(‘ <!xti’action of tlu; c<dcin(Ml mass, only a small 
ipiantity of IVitous sulphab- passes into solution alone- with 
the cobaltous sulphate. The fornu-r may be reimwed by the 
addition of small doses of sodium carbonate solution, which 
tlirows down ferric oxide as a brown i)i-(‘cipitate, the end point 
of this rt'action b(;ini^^ easily deb'ctec' after a little practice;, 
since the cobaltous carbonate be^innin^^ to come dowm can be 
immediately recoeiiised by its pale blue colour. 

The cobalt solution thus freed from ii'on is tiltered from 
the ferric hydrate precipitate, and is then treated with 
sodium silicate (water ^dass) to throw down cobaltous silicate. 
This pal(' blue precipitate is washed, drie<l and fused, in 
which state it forms a dark pure blue mass particularly well 
adapted for colourinj^^ enamels. A very small quantity of 
this silicate, when reduced to pow<ler by quenching and ^udnd- 
in^, is sufficient to impaiT a beautiful blu(‘ to the enamel mass. 
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Appan'iitly tlu' (piality of tlH‘ (Mwiinel mass ('Xt'rts eon- 
sidorabh' iidlutaice on the intojisity of tlu‘ (‘oioiii' ]u- 0 (hu’*‘<l by 
this j)ropar4itioii ami it is thcndoro JKaa'ssary to asccrtaiy 
from time to tiim*, ity fusion tosts, the cx.u't amount ol cobal- 
tous silicatr i’(N|uirt'il foi ‘tin* «l<‘\ «*l<tpm(Mit. of any ^i\('n shade. 
• 

/ tHi rilosp/liltr 

'This piH'paiMtion m usrd lor pi'odnein^ \(‘ry line and 
pure-tonrd eob.dt Volonis TIk- simplest wa\ to niak<‘ this 
doublt' salt ol eoiialt and /ine is h\ Ireitin;^ a solution oi’ 
sodium ])hosph.itc with /me sulphate solution followtsl by 
eobaltous suljiliati' the ad<li(ioii of the latter beine eon- 
tinmsl until the eu|<mr ol the jn(‘eipitate has ehan;^^(‘d fi'om 
its ori;j;in,dly ;;ree!iish tm;4e (o daik bliK', 

This paitieulail\ iiaielsonK' blu«' is eeii<*rally ajiplied in :i 
Ilux composed of J p.ntsol saml and b'.id o\i<ie. and 42 parts 
of tie* doubli' phosphate, to wlm h ‘1 )>aits of pun* (*obaltous 
oxid<‘ has e beiai a< Med 

by suitably \aiyiii;:’ the piojKutioii of the cobalt com- 
pounds employeil. all epadatioiis ol (one Irom pah* blue to the 
very deepest, shades (-an he produced 

♦ 

Xo matter what cobalt compounds are used, cari' must be 
taken that the eobaltous oxid<‘ is as tar as possible fr(*e from 
cc'rtain oxides (Mjiable of, impairiii;^^ the purity of the, colour 
Amon^^ these, ferrous oxide, nickelous oxidi* jind man^oinese 
dioxide are the most inpirioiis, the f\id<‘s (»f the otlier imTals, 
altliou<.,di acting; in a similar manner, bidn;,^ less powmd’ul thaji 
these three. 

An admixture of nickel, which is always ]))-esent in cobalt 
ores, imp.irts a viohd tini;e so lon;^ as tlie enamel is liot, but 
the shade turns to brown in co^lin^r and Hnajly ^rives a 
reddish (^st to the blue wlien cold. 

A minute trace. of fm-rous oxidi* sulli(;e.s to produce a 
greenish tin^m, wliilst a similar but less <lecided efiect results 
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from the prcHeiice of ferric oxide. Consequently, when iron 
cannot be totally eliminated, it should be converted into the 
ferric condition by means of oxidisin^^^ a<,^ents, am addition of 
arsenious acid, saltpetre — or, in short, any substance capable of 
parting- with oxygen at a red heat — beino- made to the enamel 
for this purpose. 

Manpinese dioxide imparts a violet sha\le to cobalt blue, 
whereas the protoxide has no injiFious iidlueiice on the colour. 
If manganous oxide and ferrous oxide be 'both present they 
neutralise (‘ach other, so far as their etlcct on the colour is 
concerned. 


Simlt. 

Of all the cobalt compounds employed in colourin^^ l^dass 
or enamel massifs, none is so widi'spread as that manu- 
factur('d in Saxony and sold under the name of smalt. 

Chemically considered, smalt is a j^lass coloured an intense 
blue by means of cobalt, and most nearl}^ resemblin^^ cobaltous 
silicate in composition and pii^ouentary (pialities. 

The manufactui’e of smalt need not be ^^one into in the 
present )vork, as enaim'l-makers will purchase thoir supplies 
and not attempt to prepare the ai'ticle themselves. We will 
therefore merely ^ve a general outlim' of the process. 

The cobalt ore is roasted in such a manner that scarcely 
anything but cobaltous oxide is produced. The other metals 
are not oxidised but sejlarate, main!}' as arsenides, in the 
subsequi'nt process of smelting, and constitute an important 
source of nickel. 

The roasttsl ore is then fused with potash and silica, 
a cobaltous-oxide-potash glass being formed. This glass, 
on being poured into cohf water, solidifies as a brittle mass, 
which is then stamped to fine powder and sulqected to a ver}'’ 
tedious process of washing by sedimentation, whereby the 
powder is separated into various degrees of fineness, a con- 
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dition which exercises some iniluence on the intensity of 
colour. It is an essential condition, especially when tine 
enaini'ls ary in (piestion, that none hut the tinest tyrades o| 
smalt should he used ; and hy adherinj^^ to this rule an uninf- 
peachahlc product can obtained l>y tin* (Muployment of 
this niateryil in all cases wlien* tin* attainnusit of the very 
hi;;hest de^o’et' of j)eautv of colour is not m ([Uestion. 

Cohaltous oxide is moi'e jirodiK^tive than almost any other 
j)i«j;mentary oxide,* and hence only a \ery small (piantity of 
Kinalt is iHHpnred to pro<luc(‘ a \ery darlv*shade of hlue. It is 
on account of this circumstanci' and tlu' attendant ndative 
ch(‘apn(‘ss of the pi^^mmt that cohaltous oxide is us(m 1 for 
veiy c()mmon enamels, such, for rxajiiple, as the dark hlue 
kind now employed for (Miaiimllini; tin* outsich' of cooking 
utensils 


/(HDf. 


This sul)stanc<‘, also taToiu'ously teiam'd “satllower,” consists 
of finely powdereil, loasted e()halt oie, and, hei no contaminated 
with all the otlu'r o' ides usually accom])anyino cohaltous 
oxide, is theiH'loj’e unsuitahle lor the production of ri‘ally 
tine hlues. Moreove)-, since (he pro))ortion of (‘ohalt^us oxide 
is hy no nnains constant, fusion tests are invariahly necessary 
to ascei’tain what the action of this preparation will he when 
add(*d to enamel. 

With relei'imce to cohalt preparations, it should also he 
nK'iitioned that they ar<* not infrequently employed to 


counteract tin* sli^rht y(d lowness produced in (oiamels hy the 
presence of traces of ferric oxide, the, hlue furnished hy cohalt 
hein^ complementary to this yedlow, so tliat the mixture of 
the two C'om-s out perfe*ctly white » 


Jo correct the yellow slnnle dm; to iron, a small •(juantity — ■ 
ascertained hy two or three tusion tests — of some cobalt 
preparation is a«lded, the r(‘sult l)ein^^ the formation of a pure 
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white enamel. It, however, tlie cobalt is in excess, the blue 
shade due to tlu‘ latter will predominate, and the enamel will 
present a bluish-, i a., milk-wldte, appearance. 

By the addition of })i^ments yielding i^reen or yellow 
shades to prej)arations of cobalt <‘very irna^dnable <,a*adation 
betwe(in these colours and blue can be obtained. , On account 
of its ability to withstand firing-, and of its purity and colour, 
cobaltous oxide is one of the most valuable nio’UK'nts available 

f I p> 

for th(‘ pur])os(‘s of th(‘ enamel industry. 

Violet Pkjmexts. 

Only OIK' sin;^d(‘ metallic oxidi* is knowoi to be capable of 
[)roducin^’ \’iol(d; but this is on(‘ of such common occurrence 
in nature as to b(‘ availabl(‘ for th(‘ manufacture of cheap 
(‘nanu'ls. The substance' in (jufestion is : — 

Matiifiuiesc, IHo.cuic. 

It is found native in many places, in th(‘form of pyrolusite, 
and is won by mining-, bein;;- in lar^e deunand for many 
industrial purposes (chlorine manufacture, cloth printing, 
dycino', oTiss-makin^’, tin' iron industry, etc.). The natural 
oxide (cbmmei’cially termed “ man^aiu'se ”) freMjUcntly contains 
a very hi^Ii pro[)()rtion of (‘xtraneous substance^s— ferric oxide 
in [)articular-- and for this ri'ason cannot be use'el in an un- 
prepared state for the production of pure shadi's of colour. 

When this latter con(|ition is I'ssential, as it is in the case 
of enamels, duunically pure manganese dioxide must Ix^ used. 
To obtain this comjiound use may be made of the solution of 
man^^anese perchloride obtained as a by-product in the manu- 
facture of chlorim* oas, the li(jUor beinjr boiled in a ^lass or 
porcelain vessel so lon^^ as chlorine ^as continues to come off. 
This done; the solution contains only manofanous chloride 

A clear solution of calcium hypochlorite (bleaching powder) 
is then added until the deep brown precipitate of pure manganic 
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hydrate* ceases to t‘oi*m, which hy<lrate, whe n dried at a gentle 
heat, may be used direct as a })i<,oiient 

For ordinary purposes the hnely powdero<l native oxide, 
which is a very powerful pio^inent, may 1 h‘ us(Ml,aiid, provi(?(id 
it l)e emploN’ed in men‘Jy small (|uantitit‘s, will produce viuy 
liandsome shades of \i(>h*t, tlu' actual amount of iron present 
bein^r then so minute that it eaiinot atleet the eohuir 

Whic]iev(‘i materi:il is taken, carr is necivssary, \\\ fusing 
the enamel, to s(;(; that no* nMlucini4 a^^ents — such as particles 
of carbon, or^^anic matter, etc -are |fi‘esent (‘itluu’ in the 
enanu'l mass or introducs'd thriHun from the lii-e . since otluu'- 
wise the man;,omes(* dioxid(‘, which readily parts with a 
portion of its oxy^fai, will lx* l•(slu(•(M| to the non-pi^onentary 
“ red ’’ oxide (Miijt)^, man;^anes<* j)roto-pero\id(*), and the 
enaiiK'l will beconn* eitle-r eoloui h'ss or assume a tom? other 
than the om* desinsl It is ))}’ reasoif of this suseiiptibility to 
reduction that manganese dioxi<lt‘ ow(‘s its popularity as a 
decoli>i‘isin^^ a;;(mt in th(‘ manufacture of ^^la^s and (‘namels, 
a projx'i’ty which will be mon* fully <)iseussed latei* on. 

j^ein;;’ a Nery pow(*rful [)i;;nient and (‘Xti’emely cheap, 
man^uuK'se dioxide is also us(?(l in pix'parin^^ black ;^dass and 
c*nam(?l, the addition of a somewhat larj^er projiortfion of the 
oxide than usual coloui in^^ the mass .so stron;^dy that it is only 
iu very thin laytu’s that the \ iolet shade can be det(‘cted, 
thicker layers sliowini^^ up (piite black. 

Ib'vOWN Pi<n!i;NTs. 

In the true sen.se of the word, brown cannot lx? regarded 
;fs a colour, Ix'in^ usually a \ lolet toned down by means of 
black ; and, strictly speiikin;^, then? is no pi^m(!nt known 
capable of imparting a bi-own .^Jia<le to enamel, the nearest 
approach to a true browm bein<^ furnisheal by .fei-ric oxide. 

This shade is tin* well-knowoi ‘‘ bottle brown ” already 
referre<l to. wdiich may be regarded as a mixture of yellow, 
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red and black, and is really a somewhat ugly gradation of 
orange. 

A much better brown can be produced by mixing ferric 
o^ide with a proportion of clay, or, as is done in some enamel 
works, making use of a clay ironstope. In the latter event, 
the production of a uniform shade of brown is evidently a 
mattei* of some difficulty— the only way to attain the end in 
view being to expei-iment with various mixtures until the 
desired i’(5sult is produced. * 

Wh(ui a preponderating (piantity of ferric oxide is used, 
the fused enamels will exhibit a decidedly reddish tinge (puce) ; 
the addition of a yellow pigment will produce a yellowish 
brown, and so on. 

Black Bigments. 

Although no direct black pigment for enamel is known, 
black enamels ari^ easily prepared by employing some powerful 
metallic oxide, such as ferric oxide, cupric oxide, cobalt oxide, 
or manganesi' dioxid(‘, in largm* proportion than usual. 

Eacli of tlu' aforesaid oxides produces -a characteristic 
colour, but when the amount taken is considerable the 
coloration, b(*com(‘s .so iutim.se as to appear black. Never- 
theless a comparisoif between two such black shades produced 
by, .say ferric oxide and manganese dioxide respectively, will 
show decided differences in torn' However, to obtain an 
absolutely pure velvet black all that is nece.ssary is to mix 
the said oxides together Aid fuse them with the enamel, the 
various individual shades being thereby neutralised and con- 
jointly furnishing a pun*, black. „ 

It is evident that in the ca.se of enamel masses intended 
to be coloured in dark shades or black no particular care need 
be taken over the purification of the raw materials, the yellow 
tinge due to impuritiies being completely masked by the 
darker colour. 
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On the otlior han<l, tlie contrary is the case when enamels 
are to obtained pure \vhit(‘ oi* in d(‘licate shades ; and in 
such event sp(‘cial artihces and adjunets must be resorted to in 
order to attain a maximum d(‘^u-<‘(‘ of eolourh'ssness in tfte 
mass, since it is only .undrr these conditions that the full 
beauty of the supeiimpost'd colour can be brought out. 
Coiise({Uently, (‘very (‘uamel mass intended for artistic piirposes 
must l)e subjected to a process of (h‘coloration 



vrr. 

J)E(:()LOR[S[N(i A(;ents. 

Tli(^ .substaiK‘(‘s at the disposal of th(^ enamel-inak(‘r for the 
purp()s(‘ of docoloi-isin^’ tlui (‘iiaincl mass arc solely such as are 
capable of yielding’ up oxy^-cii vvIk'u exposisl to hi^di tempera- 
tui’es — usually nsl luait. Tlu; oxyi^mu thus lilxu'ated within 
the body ot tlus mass then (‘xei’ts a powmd'ul oxidising action 
on certain compoiumts, which would othmavisc produce, colour, 
and (‘ither coiiv<'iis 'thcmi entin'ly into volatile products 
(carbon and organic matter bein^^ chan;;cd into carbon di- 
oxide) or modifi(Ns them into a hii;‘her sta^e of oxidation 
wher(d)y theii’ pigmentary intlmmce is <liminished (c.r/., 
ferrous oxidt; to ferric oxide). Th(‘ substances usually 
employiMl lor this purpose are saltpeti-e, minium (hmI lead) 
and mad^uinese dioxid(‘. 

Baltpeti’e (potassium nitrab') ^‘ivi's off oxyoen at a low 
hent and is convert(Ml into potassium nitrite, wliich is de- 
composed by the silica in th(‘ imamel mass and foi-ms potassium 
silicate, a substance then^ forming- part of the matrix of the 
tmaimd. Sodium nitrate (Chili saltpetre) may be used in 
place of the j)otassium salt, but has an undesirable tendency 
to absoi-l) water from th(‘ air, and tlun-eforii re(iuires to' be 
dried immediately before use. 

Minium, as has already been mentioned, parts with oxygen 
at a I'ed hvat, and is reduct'd to lead oxide (litharge), which 
combines with the u-lass mass. Conse(piently, if plumbiferous 
enamel is to be prepared, minium may be selected with 
( 74 ) 
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advHiitago as a decolorisino- a;^a‘nt. It must, however, he 
remarked that many coloui>4 cannot In* de\eloped in plumhi- 
ferous enamels ; and la^nei^ wlicn sucli colours are in (pn^stipn 
minium must not he employtMl * 

Manganese <lioxi<le, ^as alri'ady s(‘en, itself acts as a veiy 
powei’ful .pigment towaids ^lass ami cnaim'l, provided no 
reducing agents ^earhon or h'rrons o\i<ha ai*(‘ pi’esemt, as tlu‘se 
(h'stroy its colouring powia* h\ (h'^radinj^ it to a lower sta^e 
of oxidation. Ihauv' hy addini;’ to an ciiaim*! containing.;’ the 
al) 0 \(‘ bodies a suthcienl amount of flian;.;am‘si“ dioxide to 
conv(‘rt them into (‘arbon dioxide and ferric o\id(‘ i-espeetivcly, 
the enaim'l can lx* decolorised, or its colour nxlueed to a taint 
yellowish tillin'. 

Th(‘ orc'atest can' is, ho\\e\er, nec(‘ssai‘y in the selection of 
the manganese dioxide for this j)urposi‘, since many ol tin; 
commercial (pialities <-ontain as much*as dO and t‘V(‘n 40 ])(‘r 
cent of ferric o\id<‘, and their usi* wouM lesult in tin* (‘uaimd 
bein^ turned brownish*\'etlow instead ol decolorised. It is 
essential tlaa'efoi'e to take oidy the hi;;hest ^o'ades ol com- 
mercial man^‘anes(‘ dio\id(\ / c, such as ar(' at least 00 to 05 
[)er cent.,})ure , or b(*tt(‘r still the chemically puiv' oxid(!, since 
th(^ amount I’eijUired is so small that pric.e is a nfatter of no 
importance*. 

Xo dc'tinite ti^’ur(*s can be ;^i\(‘n as to the ([uantity of 
decolorising materials to lx* used, as this dep(;nds ol course on 
liow much of tin; substance (or |id)stances) to be oxidiscal is 
present. The best, and. to the piactical man, most convenient, 
means of asc(!rtainin^ the amount lexjuired in each case is by 
fusion tests or ti’ial smeltings, small sam])l(‘s of tlie enamel 
mass beine- fused and then compan*d with other samples of 
the saine, fused with known ([uaiHities pf a diicolorisin^r a<rent. 
In tills way tin; obj(‘ct in \dew — the p(;rfect d<3col(5ration of the 
enamel — will In.* ryi])idly and assuredly attaiin;d. 
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Fusion Tests. 

For this and other laboratory purposes use is made of 
ti^e small furnace shown in Fig. 2. This consists of aji 
iron cylinder, C, lined with fireclay and serving to contain a 
large size Hessian crucible, T, in which is mounted on a 
wrought-iron tripod a small ci-ucihle, S, half full of magnesia, 
wherein is embedded the small porcelain or platinum crucible, 



P, serving for the reception of tin' material to be fused. 
The crucible, P, can be easily iiif-erted and removed by 
means of a handle, II, of platinum wire. A conical cover. A, 
coniucted with a sheet-irqn stovepipe, several yards long, 
serves to close the apparatus. Lump charcoal in pieces the 
size of a nut is placed in the crucible, T, through an aperture, 
B, whicli can be closed by a suitable cover. Twelve holes, o, 
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are bored tlirou^di T, around tlie botbun. ddie pipe, 7i\ supplies 
compressed air wluch befoiH' bein^ discliar^ed into the smelting 
lire is heated by passing througdi a coih'd pipt* in the same. * 
The temperature obtainable by tlu* combustion of charcoal 
in the hob air blast is soTiigh that tlu' most i‘efi'actor\' (aiamcls 
can be f lifted in ([uantiti(‘s of 100 grams (lit o/.) and over, 
within a few mimitt's. Hcmce sevc^ral t(*sts can bi^ pt'rformed 
within the hour ami ther(^tor(‘ a comparati\ I'l}' short time 
suffices to reveal* the behaviour of a ik'W mixture under 
fusion. 


Rossleh’s (iAS hrUNACE. 

Wherever gas is laid on in tlu‘ works, tln^ (‘namel-maker 
can advantag(JOUsly (onploy a gas furnac(‘ foi* making fusion 
tests. Such a furnac<; is i'e])resent(al in s(‘c(ion in Fig. d. 
The high, but narrow crucibh^, A, has a jM'rforated bottom, the 
aperture being clo.sed by a ball of ))oi‘celaiii. This crucible 
is niountt'd on a suitabl(‘ linel)rick block and is coviaasl by a 
thin bell-shap('<l fireclay V(‘.s.s<‘l, c, which, in tinai, is suiToumhd 
by a thick fireclay cylindia*, d Th(‘ lowei- part of the furnace 
.is formed Ijy an annular block of lire-brick. A, containing sundry 
small apei’tures on its inm'r side, (las is sup])li(Ml flirough a 
wide pipe a, to b, where it (‘scap(‘s through fht' afoi'esaid small 
apertures, and, mixii»g ^vith air, is ignite<l d'lH* burning gas 
ascends round th(‘ ci’ucible, J, mak(“s its way out of the top 
of the 1^11-shaped v^isscl at c, and ^(^scends hetw(M‘n the latter 
vessel and the out(‘r cylindei- to the flue, e, in which a strong 
draught is induced by means of a Runsen hurma*, /. 

As soon as the contents of the crucible, J, have melted, the 
porcelain ball floats on the .surface and the molttai mass falls 
down inlo a basin, <j, filled with Water. The lid, d, Ixang re- 
moved, A can be re-charged, ami in this marfner several 
pounds of enamel (^in be fused in a very short time. Either 
of the furnaces just described can R* waianly recommended 
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for (ixperiiTKintal purposes or for preparin^^ very liandsome 
colour(3(l enamels for ar tistic work. 

Saltpeti’e or minium affbi*ds the simplest mcLrns of de- 
colorisin^r enamel masses, because; neither of these substances 
produces any colour it useel in excess, whereas manganese 
dioxide; stains the; euiamel violet. The followiiig considerations 
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must, howev(;r, he' borne ip mind, namely : an excess of salt- 
petre makes the; enamel more refractory, owing to the 
formatiern of potassium silicate;, wher-e^as minium increases the 
fusibility of the mass, though diminishing its power of resisting 
chemicals and pre;clu(ling the employment of certain pigments. 

Since, however, the amount of saltpetre r-equired to produce 
eiecoloratiern* is usually so small that the refractory property 
of the resulting potassium silicate may be regardeel as practi- 
cally negligible, it is generally preferable to employ saltpetre 
for this purpose. 



TESTiNd THE uwv M \i.s \N!) i:n\mi:ij mass. 


It is iinpoi'timt- tluit rxory in.ikrr of <‘n;Tm(‘!s sliouM test not 
only th(‘- raw niatoriuls ummI \n\i also tlic !M'l)a\ioui’ ol tin' 
enaiiu'l mass when rus<*il, tliis Im'iii^ tJir soh* iiK'aiis wh('r(il)y 
he is (‘iiahhal to toim an arcinalr opinion id (Ik- \alu(“ of such 
inat(!rials ami ol' tho con ('Ctm'ss of his formnla' 

Whih' a comt»l(‘t<‘ chcimcal analysis otl’crs the suri'st- means 
ol obtaining’ tin dosiird mroniiatnnn llna'i' arc also Mm])lc 
methods available which enable the same to lx- njiincd, with 
a siithcimit dc;;r('e of accuracy for practical purpostvs, so far as 
tin' propi'rtics and mutual behaviour of the mati'i'ials aiai con- 
cerned, and it is with these that we shall now ])rocc(‘d succinctly 
U) deal. 

The method always pmsued is that of blowjiipe linalysis, 
the substances undei examination bein;^ heati-d before the 
hlowpijie llann*, either by th('ms<d\ <-s or in atimixture with 
other substances. Tin* apparatus used foi- tln^ p(;rformance 
of these tests is extremely simple, ^onsistine of a spirit lamp, 
an ordinary nndal-worker’s blowpipe, a pi<!ce of platinum wire 
about four inches lon^% a stri]) of platinum foil of tlui sann; 
lei^gth, and a few shei-<ls of white, porcelain. 

The blowpipe, in its most conveiiieait foim (hi;^c 4) con- 
sists of a slightly tip<;r tube inserti'd in a cylindrical piece 
from the side of which projects a second ta[>erin^ tube, W, 
carrying a platinum cap or nozzh', i*, which terminates in a 
narrow jet. 


( 79 ) 
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Before passin^r to the actual testing operations, a brief 
consideration will be given to the nature of the blowpipe 
M^me, as many substances behave differently according as 
they are heated in the inner or outer portion of this flame. 

The pointed blowpipe flame (Fig. 5) is produced by in- 
serting the nozzle of the pipe in the flame of the ‘Spirit-lamp 
and blowing into it air inhaled through the nostrils and 
forcibly expelled into the ])ipe by contracting the muscles of 
the cheeks. On observing this conical flaiue it will be seen 




to consist of two well-defined conical zones, one inside the 
other. The inner cone, u, is highly luminous, whilst the outer 
flame, o, is inferior in brightness but is blue in colour. Tlie 
former consists of gases which are capable of taking up oxy- 
gen, whereas the outer cone^’, in addition to completely oxidised 
bodies, contains free oxygen at a very high temperature. 

The behaviour of these two parts of ,the blowpipe flame 
towards various subshinces differs considerably, the properties 
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of the two tlainrs entirely ()})j)Osite . the inner Hanie, R, 

has tlie power of reniovin^^ ow^^eii from bodies eontainin^ 
that element, and is tln'rofore called the “ rediicini;; ” Hany^; 
wliilst the outer flame, hy virtue of its contmit of ^dowin^, 
free oxy^^uui, exerts a pow(‘rful oxi<lisin^'‘ iidlu('UC(‘ and is con- 
se(piently teruH'd the “ oxidisin;^; ’’ llatiu' 

For instanet‘, if imUalhc hsad he placed in a small hollow', 
on th'* surfac(‘ of a hlock^oi chare »al. ami exjtosed to the 
re<luciim llaiiic il wdl simnh’ melt and retain its metallic 
comlition unchau;^UMi . hut if tie* ch.ircoal is now' mo\'ed so as 
to allow the ]>oint of thi* oxiilisin;,^ flame to impinet' on the 
molten metal the latter is rapidly con\<‘rt''<l into had oxide, 
which on eo tliue- i-cmains as a lusisl y('llow' mass of litharge. 
On a^^ain moviiie- the cluii’coal so as to hrin;,; the lead oxide 
undei' the influence of the j-cduciULf fljime, the oxide will be 
deprived of it'< oxy;4en and a;,uiin r«‘<luce<l to tin* metallic 
state 

After prolon^u‘(l c\|,oMjre to the r(Mlucin;X Ihuiie a fiisibh' 
substance (^dassi containin;,^ iron will, wluai cooled down^ 
exhibit <i botlle-^o-een coloration <lue to ferrous oxide, but if 
’heated in tflie oxidisin;,^^ flame will acejuire a yellow' tii^u* (ferric 
oxide). Idlest* two results conjointly afford a sure ]iroof of 
the presence of iron 

Testing Raw Materials with the Floutui'E Flame. 

The testin^^ of the raw mateiials for the manufacture of 
enamel is usually confinc<i to an examination for the presence 
of impurities calculated to affect tlie colour of the product. 
It depends on the nature of the substance to be tested whether 
it is examine<l by itself or w'ith the assistance of reagents. 
Of course these reagents must theMiselves be pure in order to 
prevent false indications being given ; an<l all such* that fail to 
stand the test for purity must be discarded 

Those raw' materials that can be examined by the simplest 

6 
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means will he taken first In the case of these the method 
consists in inoistenin;' with distilled \\ater the loop formed by 
l^iiidin*,^ one end of a pit-ee of jdatiniini wire, then dipping 
this lo'tp into tin* substance to be tested, and fusing the 
adher-'iit pai'tieles of powd*'r in the* })lowpipe flame. These 
Operations aj-e repeated until enough substance is?>n the loop 
to fiU It and form a Isaid, the colour of wliicli can then l)e 
accurately judged Ijy holding sit Ind’ort; a wliitij back- 
ground (pajier). 

Tn testing for the coininom'st impurity (iron) in these 
mat(‘rials, it is always a<lvisabli‘ to i'lnploy the reducing flame, 
the gremi coloration produced by ferrous oxide being always 
more decidisl than tin* yellow tinge lurnished by the same 
(juantity of ferric oxide* Moreover, when the presence of 
iron has be(*n asct‘i’tained by tin* reducing-Hame test, one is 
alwa}'s able*, from its subseepn^nt bt'haviour in the oxidising 
Haim*, to asct'rtain wht*tht‘r the material is calculated to yield 
a colourless (*naim*l if tin* mass l)e fused uiuh'r conditions 
ensuring tin* complete* oxidation of tlu* iron.. 

Tc'itni'i the Alkalies. 

To t(‘st alkalii's and the salts (potash, soda, common salt, 
Glauber salt, potassium sulphate) furnishing alkalies in the 
process of manufacturing enamel, tin* substance is first melted 
to a b(*a<l in the reducing flame, prolonge<l heating being 
necessary, especially for the carlxmates. If the bead when 
cold has a green tinge, ferrous oxide is indicated; but, if 
perfectly eolourh*ss, no iron is present 

Potash not infre(|uently contains manganese compounds, 
to detect which the potash is fused along with saltpetre to a 
bead, wdiich is kept in a iholten state for a short time at the 
tip of oxidisimj dame. A green coloration in the cooled 
bead indicates manganese. 

Practical experience will soon enable the observer to judge 



TESTING THE RVW MATERUTS \Nn F.KWfEL M\SS 83 


from the ‘<tn‘n;ith of the eoloration \vlh*tli«'r the material 
un«ler «‘\ariuiiatioii is tit for <air ]>iirj)oses or not In tlie 
eiiarin*! mass is eon\< rt«'<l u\lo silirat«*, ami 

rii!(‘ tin* small quantity <»f mani^am's.* in |>otash does 

not aths't th(‘ |)ropi*rti.*s*of th.‘ * nane‘l 

'The alltaline rai ths --lim>\ ehalk, ^lypsinn, dolomite, 
laOf*ous limestone.’harytes, witliente. -are examined in tlie 

same manne!’, hy hfatim^^ yt the i slueui^ tlame and notinjr 
the e(»l()m' A^, fiowiorr, manv of th<‘N.> sulistanec's are in- 

tusiltlf* hefoi'r the blow pipe, Ha'oursc is had to anhydrous 
borax in order to obtain tiansparent samples 

When carbonates ar<* fused aloni^ with borax, t!ie Ix'iid is 
at first tni'l)id from tin* ae<-«)mpanyinq‘ bubbles of carbon 
dioxidt' lib('i'ated by (bi' born- acid, in sueb e\ent the bead 
must 1 h‘ maintained in a state of fusion untd all the jras has 
escaped and the mass be('omes quite eb'ar 

'rile enamel fluxes — borax, l»oric acid, lliior spar and cullet 
— may all be tested for iron in the abo\e maiimu’. all that is 
usually necessar'’ bein^^ to fuse tbem, witluait admixture, and 
(‘xainimj Mieir behaviour alt<*rnately in the reducing and 
Oxidisin;^ fhimes, ^ 

/Vs7/;a/ Silinti 

This substanee, m tlje state of (juartz meal and sand, is 
(}uite infusible by itsidf. aiwl eonse<piently has to Ix^ fused 
uitli an alkali, when festerl for im[nn’iti(‘s, ordinary soda (of 
course free from iron beini; i^eiierally employed on account 
of the fusibility of its bead, 'ldn? mixture must Ixi heated 
until all the carbon dioxi<b* has been drixeii off, leaving; the 
bead quit(‘ clear. 

If the test tail to reveal iron *in the* silica or other sub- 
stance under examination, but leaves the* bead ^ivy, yellow, 
or brownish after lkf*atin/< in tin; reduction flann*, this colora- 
tion may be due to the presence of finely divided carbon. 
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Thi« may b(i n^adily a)nfirnie(l by relw^atin^^ tlu* i>oa(I with an 
addition f)i’ saltpctn — tliis time in tin* oxi<lisin^r flame. In 
d^He the colour is the result of carlvm or or^ninic mattei-, these 
bodies will be consiinn-d by the oxygen lilM-rate<l from the 
Halt[K‘tre, and a {x'rfectly colourb'ss bead will lx* left on coolin^r. 

TrsliH'i Lead Viejuirntums 

Tlie object of testin;^^ pn'paratioiis ,of lead — lithar^a*, 
miniiiiii, whit** l(‘ad*an<l lead sulphate —is twofold, namely, 
for tlie presenct* of copper or antimony as acei(l(‘ntal im- 
purities, an<l for a<lulterants, which not intn*(juently an* 
intentionally aiMed, especially to minium and white leid. 

For the detection of aflulterants it is ^o-n(‘rally suthcient 
to r(‘duce tin* minium or whiti* b‘ad to tin* metallic stai** on 
charcoal before the blftwpipe. If tin* resiiltin;^^ bea<l ••xhibits 
tin* ductilit}’ of held, and no residue is bd’t beliiml on the 
charcoal, the substance may be consid<*ri‘d as pure. how- 
ever, the held is brittb*, tin* white lead may ha\e b**en 
adulterated with /ine white, the presence of which can 1 m* 
ascerbiined with certainty by rehcatino tin* bea*! in the 
oxidisin;J llame {’nder th**"** conditnms l«*ad yields a yelhnv 
incrustation deposited on the chaicoal in the imim* bate 
vicinity of tin* b«‘a»l. whilst zincoxid**, whicli is more volatile, 
will be depooted a littb* farth«*r away, and will Ix'sidi'S show 
up yellow when hot, turnin;,^ pure white on coolin^^ 

A white infusible residin' h*ft behind on the re<luction of 
white lead almost invariably consists ol Inirvtes, the |)owdor 
in that case exhibiting a crystalline structure wiieii examined 
under a ma;;nifyine; ;;lass. A red residin* from the reduction 
t f minium indicates feme, oxide, or. more freijUeiitly, brick 
dust. To 4listiii;tuish In'tween them, fuse with a liorax bea<l 
in the reducin;^ flame ; a j^rwn coloration |^K)intsto ferric oxide. 
A similar coloration is. it is true, furnished by brick dust, but 
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in tile latter a nmoli hi^^her t«*iu|M‘ratun‘ is neeiltMl to fuse 
the mass tlim when |tiire ferrii’ (»\i(le is |>resent. 

Im test l.-ad ineivaratimis fur the vt'ry ;^n'!i\e imjmriti(‘>j, 
co|)}>er an.l antmiun\, the\ must first l>e fus,* | to a coloiirlows 
i)ea<l vNiih l"na\, then^ m jvuw .l.-i-,.,! siiltp*>tn‘ ami 

heate.i in tie- u\i.lisni;^r w ue- y, How tin^'-e indicates 

antiinoiu Vhilst copper -in.s a -i.m in-ad w Im-h t urns red 
alter pr 'loiiii^ed heatniu^ in the irdueini;; llaine, owin;^'' to the 
eonseismn nt th<-^euj»iie ufid<- into i npiuus o\i.le If the 
l>t*ad is renisli \ , IK)\\ in culoui, Ituth <vppei- and antimony 
ma\ lie siniultan.-unsl\ pi.s.-nt to plae<‘ the matter l»ey<»nd 
<lonlil the Siihstaiu'e must he suh|ecli*d to the proper Wet tosts 
for th s.' iimtals 


til,' I'l nnrui s 

The .ihjecf .11 . xamimii;^ th.* iih-UjiIIk’ oxides ad(led h) 

enamels is iwolold- -naiiedv. t .lelermine then purity ami 
their h «'lia\ioui in tie- enamel mass. 'I’h.- latl. r is a very im- 
fx)rtant point in that it atlhids ahsolutely certain information 
as to the intensii,\ oj (‘olom that iiia\ he looke.l for in a f^ivcn 
enamel mass, and aho as to the manner in which the fusinj^ of 
tlie mass .sTiould he perhu imsl • 

In order to ha\e i reliable standard of comparison for the 
crjlour reactions furnislied hy the ditlen-nt metallic oxides, it 
is <lesirahle to jirej^ite *a series of l>orax heads tinj^e-d with 
oxides ()f known purity. I’y this means one is s<)on able to 
jud^^' the colour reactions produci-.i hy the hulwtances under 
examination, and acipiir* skill m detectin^^ small (juantitios of 
oxides hy the blowpipe test. 

The metlesl of testin;^ the purity of metallic oxides is 
simple, and cmisistH in lusin;^ a ininute «juantity alon^ with a 
Ixjrax Is-ad or with a litth- ol the enamel mass it iH^d<‘stined to 
CH>lour. .Since the ijuantity of oxide taken must he excewl- 
ingly .small or the' head will Is* stained too dee[)ly for the 
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coidur to Ik! (iLMtinguishabN* by transmitted the bead of 

iKjrax or enamel must first be fused until quite colourless, and, 
when cold, dijiped in water and just brouj^dit in contact with 
the {Knv’dered pi^ofient, snfheient of winch will then adhere to 
suitably O'lour tlir bead 

Should, aft<T tlifse precautions, the colour still be too in- 
tense, the bead is lemoveil fi oiii the loop. and a fresh bead made 
and dipped in the powder lumished by the ohl one. By this 
means the colour is so diluted and li^diternsj that an accurate 
Judj^nnent will become possible [Wli — These tests must always 
be made by dayli;xht ) 

'File following colour reactions are fui-nished by tin* prin- 
cipal enamel pi;,^niients, with a borax or enanud l>ead, ))efore 
the bloU'[)lpe -- 


iti tii»- 

ItfillK lll^ tllllK OVlillMIIU f1 IIIU' 


Iron 

. Uottli* i;t( I'll 


. Iteddish }ellow 

Iren iird Hlutnina 

Lotilr j.;rfen 


Uni 

C’epiHT 

Uni 


fa 11 era Id ^reeii 

('el)a!t, 
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Ool.iiirl. 
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('hmmmiii 

1-atn raid ijn < 

n 

Vt How 

Anhiiiiin\ 

VcIloXN 


. Yellow 

Uriiiuiwii 

>,;ro» 11 


. Yt'llow green 

SiIm’P 

Ott>\ 


Yell'iw 

/me 

Vt How w hen 

full, e 

oloiirlesN when cold 

LoHll 

VelhiW when 

fiet, \ 

(dlow win 11 ndd 


It should be noted that, as already mentioned. stron<; 
(oxide) {)i;^oiients such as ferric oxide. man;^Mm*sc dioxide, col>al- 
tous oxide and cupric oxide, w'hen ustsl in somewhat lar^^er 
amounts, produce deep black, in wdnch event tin* colour must 
be diluted Ity fusin;^" o\er a;^niin witli a new colourless bead. 
Furthermore, that tin* colour of the bea<ls while hot differs 
from that exhibited at tin* ordinary temperature; thus, Ix'ads 
containin;^ IV'ad or /me are yellow w’ln*n hot. w hilst, on cooling, 
the zinc bead becomes colourless 
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Testin(, the Enamel Mass. 

In onltT t<i fxamiiu' hat lar:^'<T «jiiantitn s nf ciiainel 

mass for colour a thm ^trip of |»latinum foil oi . Kvttt'r stii], a 
tlat platinum rap^'Ult* (<‘rucihi«‘ (*o\ri i ahout I inch in tliamct^r 
tnay hr us«-<l 1 lus \rsyl h.-nio hrhl )>\ thr tou;^''-. tin* con- 
tents ai'r fu"*'!! hrfoi'r thr ir.iucin;j: oi oxnhsinL: flame of the 
blowpipe, until ]MilM‘tl\ tlui-1 'The lu'«e<l ina»s ej»n oem*rally 
Ih' st'parateh ti-oiu the pl.itinuni hy e.ii.lul piessuie witli a 
knife, especially wjien the e.^dlnio h.l" I'eril ef!< < ti <i .jUlckly 
In ilefault ol a pl.itinum \esv, 1 sh. i*! of \shite porcelain 
Wlllseive, hut ill t Ills cav,- f he .•nailiel U' r ill \ lu^es so ti;^^llt 
on to the porcelain as to he iaiel\ s. p.nahl.* th< ii'h'oni 

Hy means "t fusion t«sts M.iitluct.h in this \\a\ an idea 
is oaiiied of tie maniiei in uliieh tie < ii.miel shoiiM he 
treated on tie* la i ^e scale Thus n tie- i . dui iii;: flame is lound 
to in|Unously ifl-ct tie* des|i,,i shad<* <•! ei.li.iii, if Will he 
necessary to take caie m inakiim lie* . naiiie! t.. piofrcf the 
mass fiom the i educiiiL: aet ion ol the tuin.iee ;^ases, ol to add 
oxidisiiii; a;,^ n(s (saltpetie iiian;,Mie s, dioxeh-i to prevent 
any n duet ion 

d'h« ^^n-iiei al d( s( Npt eai of t he pi op.i t e s ( ,j tie pi;^menlary 
materi.ils and tle-n ImImvioui in an oxeiisino- o| •] e.lmdntJ 
atmosjiliere will aK i alfoid a -uid* .is to fh<- eouisc to he 
pursut'd in fiisino t le • ii.aiied 

As the \ ai lolls . nam< Is aUo n-aet on tie- netallie surfaces 
which the\ are em|(lo\.d to eovi, .md ne-diheat ions of colour 
mav’ therehv' ensue it is aNo d'snahh- i<tmake tusir»n expen- 
meiits in this .iirecfion .'such < xperiments ma\ he easily 
pt*rformetl hv coat in;,' small stups of smtahlv piej»areti sJieet 
meUil(in)n lU’ coj»]M-r ) with • nam* 1 mass h.-fore tie- hlowpipe, 
and c*xaminino the e<(loui .if tie- aft< r e<K*lin;; d'his 

in a prediminarv task which will atloid impoi taut .inforinat ion 
as to the lu st thickness for tie- law-rs r»f ^rrouii'l and covering 
enamtd — a jMunt wliich will U- re\4rt<d to m dm* c<,urse 
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Ah is tin- in ()tJi(ii-cli«‘Uii(;()-tfC‘luucal trades, manufac- 
ture of enaiiK'!'- fiitails tie* usr of various ‘subsidiary materials 
whiclr altliouj^di not enterin;^^ into the com})<»sition of tile 
pro'luet, aiv yet essmitia! for tin; preparation of the same 
How<'Ver, in the branch with uhich wi‘ an* now concerned, 
these subsidiary materials ai’e few in numl)er, and may be 
advantai;(‘oiisly divide(t into four class»‘.s, vi: : water, fuel, 
picklin^^ mat(*i-ials and ammonium carbonate 

Owin^^ to the importance of tliest* materials Uith in re^rard 
to the it('m (if cost --in which n*sp(‘ct fm*! Insids tin* list — and 
also to tiieir inllui'iict* on the resultin;^ (‘nann*!’ it is necessary 
to dt'vot * a few words to th(‘ir consi(h‘ration 

W.VTEU. 

'riui princi[)al use of watt'i* in the enamel industry is a.s 
a vehich* bn’ the \arious materials durin^^ tlie operation of 
l^rindine; : and the propi'rtii's of tin* water employed may 
have a consid(*rable inlluen(*e (Ui tliost* of tin* enamel. Thus, 
if the water contains ore^anic im[)urities in suspension, tliese 
will be n*taiin‘d, by the materials to bt* ground, just as in a 
tilter, and as tin*}' will In* carlionised in the subseijuent process 
of fusion this may t*xplain why, for example, some eiiamel- 
uiakei*s an* unahle to pHsluce jK*rfectly white or really 
handsome-(X>louri*d «'nann‘ls in delieat** shades 

If the impuritii's present in tlie water are meix'ly in sus- 
ivSS) 



M\rnnvi/ 


m 


[>ciisi(ni, tli«‘ 'litl'u’ulty t'' n\ cr 1»\‘ thri>u^h 

saiHl or. still, m\ amiii.il ('lnn‘<*al which will 

iiifalhhlv i.'taiii all snii.l ho<li.-s i.r-'v.-iit 

V ' • • 

A Miorr iiiiunoiis nn{uiiu\ in i.>r nur purpnsi' it^ 

snl|ihur*‘t(c<} li \ (li'n;j;rn ,lhis wliich !>' solnhlr m water, 
is a tVc<|n.-nt pn-lurt n\ ti,.. put i . tact i. -n ol annual matter 
ami the wat< i Iroiu wi-IK in th.- \ u inif\ .>1’ e« sv,p,,oIs (U- inanwre 
ln‘a[>s is ot f i-n lai in I \ e<uitaniinat-'<l la llu ijis 

( ertain net als (aIu hit a \ .^1 \ _:i.at allnnty hi sulpluircKcd 
hylr'i^a'ii with which tii<*\ h'lni Maektsh •,-M||ip< aimis, two of 
tile* most siisccpt 1 M.‘ III this r. vp,'C| lu'iii;/ h-a'I aiei copper 
h ons<’(pi.‘iit I \ . wli<n a l<*a'l pi ' I'ai at i< ui is ^louml in water 
oontainiiiir sulphui.'tt. <1 li\ .hoi,^*n, tie* mass will (urn to a 
'ie*ei'l»‘<l i,n»‘\, owiiij to tie* ha mat i< ai <>1 tin* Mack eomjioinul, 
lt*atl sulplii'h* 

It tie* Use (>| uch eoulaminai''l wina is una\ oeiahli*, it 
i.s a'l\ isahle to a'l'l a ‘•mall 'plant It \ of salt pet i <‘ to all plumhi- 
terous ehaiii'-l mass, s iri,,un') th'*ifm. su that in the fiiHin;.f 
[iroeesM the lra<l sulphi'h* m.p\ h** o\i<lisr.l t(. sulphate 

111'* most 'I'-heate t'‘st ha’ tie* pifscn,-** of siilphiirctteil 
h^-'ir't;r,*n in watei is to hoil the susp.-etnl sampl'* in a vessel 
ul ^Hass or p'a’celain. ami hohl <»ver it a strip o) w’hi^i* jmper 
saturateil with su;^Mr of le.i<| (liai'l ae«‘tate) solution A hlack 
coloration in'Iieat«*s tie* pn-s.-iicf of sulphiin'tted hy'lro^n*n, 
the extent of the eontaminat e ai h.-in;^^ easily jmlj^ed })y the 
depth of the stain . if, howe\»T, tin* paper r'*mains uncoloured, 
the water is free from tie* suhstane.- in <piesfion 

Almost evt-ry well water e<aitai?is a small (piantity of 
iron, generally iininijMirtant so fai as our purjmse is concerned, 
but a lar^e jiroportion of this metal is preju'liciak It.s presence 
may Is* easily '|e(ectod h\ a<*idifyiy;t 2-litre sample of the? 
water with a few' -Irops of nitric aei'i, evaj'oratin),^ <lown to 
i litre, and U'ldm;:; a few' droj>s of jHitassium ferroevanide solu- 
tion Well waters, almost witleait exception, will exliibit a 
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blue coloration under this treatment; but if the tinge be 
merely a faint oie* the* amount of iron is so small as to be 
practically negligibl<*, so far as its influence on the colour of 
enamel i^ concfriK'd On the otln*r hand, if a deep coloration 
is [)rodm“ed, or a him* j)recipitate is^ formed, the water must 
he )-egarde(l as highly Ferruginous and likely to contain iron 
suflicieiit to spoil the hiMutv oF delicate coloui’ed enamels 

The piesence oi comparatively large (piantities oF iron can 
also l»e recognised hy the Formation oF a tlocculent brownish 
pH'cipitatiijn oF Feruic hydrate when the water is hoilcil. The 
lime and magnesia salts ami sodium chlori<le, almost invariably 
presi'iit in wtdl and spring wati'r an* unimjiortant For our 
purpose. 

It is evident From the Foregoing tfiat the manuFacturei’ oF 
enamels should endeavour to obtain perFectly clear \vater, free 
From sul[)hureltt'd hydrogen or any appreciahh* tpiantities oF 
iron com|»ounds When the wat(‘r is intmided For ust* in the 
[ireparatioii of certain pure pigmentary materials it is essential 
to eiiiplo)’ nothing hut <listilled, or vi'ry pure wi'll water 


111 tit' enamel industrv \erv large tjuantitii's’ oF Fuel are 
coiiNumed. It being nect'ssary to lu'at the masses to high 
temperatures in ordt-r tt> hi-ing them into <i state oF Fusion. 
In this ('onnection not only m the cbst of ih*' Fui*l in relation 
to its cahii'itic pttwer a matter of "ome importance, hut also 
the imlirt'cl. inthieiu’i* the Fm*! may e.xert on tie* (piality of the 
enamel mass sleiuM he con^idercl. For example, when a fuel 
yields a large ipiantity of sjiecitically light ash, it may happi*n 
that some oF the latter gains acc«*ss to the enamel imtss and 
atfects its colour. Wood ashes always contun small amounts 
of unconsumed carbon (hence their grey colourb and sliould 
a small ijuantit\ of this ash tind its way into an enamel mass 
containing no oxidising materials, the tipper layers of the 
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masH would ac^juire a decidiMl tin^o* JStill inoro injurious 
in tin's re>pi*ct is tlu- ash <»f o<Ttain lii^uhtos. which in aili ition 
U) c‘ari>on. contains a consiil«Tal>lr .|uantity of frrric oxide 
cajuililc of colouiin^^ tin* « nann-l mass • 

\\ hri’t- tin* di au^dit , in tlx- riiaim-l sin«-lf ni;^*- iuriiacc is 
dcfecti\r, tho jirodncts of (v.mi)Usti..n an- liki-ly to hr lii^ddy 
charged with rt duem^ wlncli will ha\t an ni)niious 

rti’ect on many coIouhmI (naim-ls, inc nisiancr, thr rinrrald 
oreOn shadr jnofluctd hy cftpiir lAKir will, nmlri smdi con- 
ditions, hr nisanahl\ disii.lnin rd owniLr^t" tlir rrdiiction of 
the cupric oxidr to rUpK'Us (>\ldr 

( 'onsiMpiriitly, (Ml r must hrtakrii to^rh-rt a fiicl tliut viclds 
no tlynio ash, and to constnirt tlx inniarr in sudi a manner 
as to rllsuir an « llirlrnt diau;;ilt 111 nldrl that the furl niav 
lx‘ coinjilrtrly coiisiiim d to caihnn dio\idr and water vajiour 
I he find at the dispo^.i! ,4 th» •name! maker ni(‘lu<ic*s 
wood, jaat, li;^onte, (oai \\<Mid iliaid-al, eidx* and. in some 
places, a^ilhr.icite 

I nder oidmai N en cumstane* ^ jM<n' is Oki e\prnsive for 
Use 11.S hiel in ''melting; < nanx U .iixl is nxaeo\er atteiideil 
with the iiu'onv ( nienee th.it it hums awa\ \'i\ <|Uiekl\’, so 
tliat the tire r» <pnM s fi r.iuent att' iit x»n t<i k» • p it up ♦ 

Pcdt is ol 1 (pw cal' iitic \alue \ x lds a lar;,;' pi < -[>ort ion of 
ash, ami is <litiicuit to us.- m furna' • - i.n aicanit of its lailky 
nature 

Wood ( /'m/ especial! \ tioiii hanl wo<m|s such as heecli, 
forms an l•xcelIent fuel in ev.-ry r.sp. ct, tlx- jish heirij^r small, 
the conihustion jaulect, and tlx- leatin;^^ jx.wer considi.-raiile. 
UMh.rtunately in most phn .-s it is to(^ c\p«-nsive for our pur- 
pose, ami it is only where wofwi is ahiimlant that tlx* use of 
charcoal feasible IJy reason of it^s hi;,di content of potassium 
cari>onale, the asli fnan wood orchaic(>al can he lUilisi-d as a 
source of jHjtash for the j»rejMrHtion of c<anmon enaniels. 

Winui Ivjnitf is us^'d the deiisr^ ijark-c(dourcd kinds siiould 
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be choven us these alone have a suitable calorific power, the 
light-coloured lignites, still exhibiting the structure of wood, 
Ix'ing often in this respect barely superior to peat. 

• The b-st kinds of coal to us(‘ are the deep black, shiny 
varietifjs. Those containing [)yrite> t'annot be recommended, 
as they giv(] off, during combustion, large volumes of that 
highly reducing gas, sulphur dioxi<le‘ Coals yielding a large 
(juantity of soot are also unsuitable 

[iitJiriiGili' is an excidleiit fueb^^consisting. as it does, almost 
entirely (»f j)ur(‘ carU)n , its caloritic value is excc'edingly high, 
and it yields a smoktdess tlanie Ifowever, to get anthracite 
to burn [iroperly, the fire-box or hearth re(juires to be con- 
stantly charged with (oni[)ressed an* Irom a blower. 

('okr, the well-known by-pi-oduct obtained from gas-works, 
is somewhat similar to anthracite, in consisting mainly of car- 
l)on and little else lM‘y*)nd the ash constittients of the original 
coal, Owing to its porosity, however, it burns mon^ freely 
than anthracite and can be used, without dithculty; in any 
furnace, etc,, provided with a good draught. As, mon*()ver, 
coke burns without smok(‘ and furnishes only carbon dioxide 
an<i ash, the temperature develope<l being also v»‘ry high, 
it form.-f an excellent fuel for smelting tmaimd, and cm be 
obtaiiKsl cheaply in all places when* gas-works exist 

Oas Flel.. 

(las forms tlie ideal fuel for the purp.ses of the enamel- 
maker. Ordinary lighting gas, when mixe<i with the nect'ssary 
amount of air, gives a vau-y hot, smokele.^s flame, but is tCHj 
ox{K*nsive to bt' thought of for our purjHjse The so-call/sl 
generator system of heating, wherein tln‘ fuel is oonsumeil 
at a central station, or generator, and the hot gastv^ are led 
to their various d- stinations (smelting ovens, muffles, etc ), 
through a series of pij)(*s and v.ilves, ap[H'ars a very 
advantageous nu'thovl. 



M Msll)! \ia M \ 1 1 i;i 


93 


In llu‘ iUilhoi'N opinion wator ^ms otloi-^ the olu‘a|M*st 
nu‘iin> <»t hf.itin;^^ in <11.1111 1 woik*', .in<i lio (•<‘n''i<l< iN tli.it tliis 
sy''t<‘in hIihuI'I the jti i't<‘i <nf'- win-it' 1 ocoii'^t ruction j*? 

upon 

Tit K I i\«. \! \ n Ki \i s 

llic ''ul t''t,nic< '^ (onipii''<il nn<lt I tins tcini '>''1 vc, in (lin 
<‘nanirl iii<lusti \ to d. .m in.-i il 'Uil.n-.-s wliii'li tlic 

rnaiiK’d ,ir ' to 1 » • *.iop it*i 1 , 1 , to in-.-ili' n.U'I ‘' ii I act-s from 
a<llifr<'iit oM'lcs, ''Uicf <*nam'-l ^^lli ii<*l sii(*k >iii anv lint a 
snriacc ot i If.in in.-i il Kni will pi'<‘l <<11 1». ih-* tilm of <t\i Ic 
never so thin 

Out ot tlu' nuiiKToux .Id. Is cap.ihl ..| -||ss,»|\ m^r m, lallic 
o\i(| s the oti<' most .ill \ .-inplove’l is e< uinii'U eial 

sn I pi 1 u ri(' aei < 1 w h leh. Ii< 'U ' ‘ N ' r. is t < »< > st 1 01 1;^ to 1 is. ■ as a pu*k h* 

hy itse|l aii'l tiK'i.toie Ids to !"• <lilutt<l. all \ in tlie 

proport urn of 20 to 22 |..iits h\ \\fii:hf <<1 u.it.i to j part of 
aci.l 

In nilMii;^ tig' tuo th.' aci.l Miijsl Im j»oui.-.| into ilic water 
in a thin st .-aiii. with const mf sfiniii^jf hul on no account 
■^houM the w. Iter !.-• poiii..i into tie- .»ci.l, smc. m t iiat .-n ent 
the mixture Icats so lapi-lly that |>..rtions are pro|ecte(l 
violently out ..j the Vessel |o th*- ;_M e.lt .laoo. j- of the o|M-rator. 
Sometimes the Us. o| Xo4<lhaus '11 sulphui 1C aci.l 1 1 umin;^dici(l) 
is a<Kocate<k hut th* 1 ■ is no .el\an1a;fe in this, as it ia 
convej’tcd into (u.linar\ acel on .lilution 

Vineoar is also use l .is a j>ickle ami acts hy virtue of 
the acetic aci.l it (ontaiiis, hut is <inl y a<l\ isahh* when it can 

lM)U;^^}it chea[n-r than sulphuric acrl . the crmle wood 
virre^^ar is the most suit.thle on account oj its low price. 

In some places a pii'kh* is pre^wned from (!iu.she(l }>arley 
or oats, stirred up with warm water an.l left ferment. 
The pnxluct contams lactic acid, acetic acid and otlier organic 
acids, which c«institute the active [>nncij)le. It iiresents the 
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difla(lvanta;:'e, howover, of off a very disagreeable 

putrid odour after a short time; and, besides, the presence of 
'i^he solid particles of meal increases the trouble of rinsing the 
metal when clearnid. 

Consequently the cheap and strong commercial sulphuric 
acid forms tin* Ixist pickle, and is more frecpiently used than 
any of tin; others nientiom‘d. 

AmMoNH’M Cf\KH<)NATE 

This salt — oftc'ii, though erroneously, calhsl "ammonia”— 
is used in t'lianielling, to prevent the* layer of (‘nainel from 
cracking At the present tune it is obtained in large (piantities 
as a hy-prodiict in gas-works, and forms colourless crystals 
which an- coated over v\ith a white j)owder and sint‘ll like 
ammonia 

Heifig extremely volatile, ammonium carbonate must he 
k('pt in tightly closed V(‘ss»*ls, and preferably in a powdered 
condition, d'his method of storage* is also best for all other 
tine mat(*rials, especially for pigments (which an* often very 
expeiisivt*) Materials that an* us»‘d in large quantiti(*s, such 
as purih(‘d (piartz im'al, powd(‘n*d felspar, etc., may lie kept 
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I hr i( in .iii'l i ''<luc( r rii (»t the pniM ijial in.itrrials 

hav.‘ iilnM<ly )h-,-ii -i.-.ih wilh .m-l hut hi f h n m.niis t.» hr sani 
oil t hi> ni.i 1 1 r r. 1 1 . 1 1 1 1 "'ll hs( ;inri s siir h , 1 "! ' I u.’H ! / .in* I I r K j ir am 

itlicu 1 1 t o j lu 1 \ r 1 1 ''(■ 1 1 1 t h< 1 1 ' ii ' 1 1 n.i I \ "<1 a I r I u t \\ hr n 1 1 iir ni’hr* I 
may hr rasily rrihicrd m ''t.iin|»inj^ null'', thr i I'sull coarMr 
powilrr hriiiir aftriwai.U hnui-^dit into an r\t i . inrl finr stati' 
of (li\i.si()U hy Hi' 1 1 ii;;^ in ''Uit ih!r null"', and, ij nrcrsnary, 
wa.shrd hy st'ihiiirnt.itinn 

tit. \/.F Milts 

For rr.lu'iiii: thr haid niatrn.ils. thr callrd i^la/r niilh 
jtrr list'd d'hrst* air t.f \aii<ius patt.ins hut oiu' rhirf jwiint 

has to hr hninr tu iiiind in tluir r.uisti uctinn. nainrlN' that 
till' snhstam.'rs to U yitaind luu-'f h- k'pi ..ut <d (•(.nt-ict with 
inrtal on arct/unt mI thr. col* a at imd piMilur<-<i h\ t hr j lai t iclrs 
of tin* lattri- NNoi-n awa\ h\ attiiinui 

In .small works U"* nia\ lM-midt‘<ti an <ir<linai \ nnliin'’ 
mill, in which tin* matrni^ ao- ;:i'»umi in a uri state Tim 
compositmn df thr ;^nndin:^^ mil. -is ..i milNtniir"' ma\- hr a 
.source of incon\ rnirin-r A "ton.' \ rr\ rn h in <juai t/., |irrf(*rahl v' 
a porous tjuartz rock, i" ;:rn. lalU u^r.l hut though of tin* 

seventh dryo’rr of hardijr-'S. surlr "trtiirv wear away vrrv 
quickly, since thr frlsj^ar to h.- o|ourid is of thr sixth dr^rn.e, 
and the ijiiartz aNt^ nf thr s.-\.-nth ilr^rrr,. <,) hardness, and 
on this acccnint th** stono of yda/.* mills rr<pnrn M*ry Irripirnt 
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renewal — an expensive* and tedious operation. Nevertheless 
it is not advisable to usi* milLsPtnes of any other material than' 
*<juartz, Hueh stom-s hein;,^ usually much softer than the latter, 
and mostly containin^^ ferru^^onous minerals detrimental to 
the (jUiility of the miamcl. It is therefore best, in lar^m 
works, to {troceed with the reduction of the materials in a. 
,sy,st(‘matic manner, somewhat as follows Tin* material is 
calcine l, then (pienched, ami broken down in a stampin^^ mill, 
the resulting; coarse powder bein^^ sifted and the tine siftin;^es 
fiassed on for turthei- treatment, whilst the remainder is 
returne<l to another department in the stampin*,^ mill 

xji:- Hr WEK Mn.i.s 

d'li(‘ turther treatment of the ciiai'se jiowder is best jX'r- 
lorm(‘(l by dr\ ;,oandin;,^ in e<l^r,..iMnm(‘i’ mills 'riiese consist 
of a horizontal plate, in tin,* centre of which revokes a vm’tical 
shaft, support in^^ a horizontal crosspiece which sin’ves as tin* 
axis of a pair of cin-ular milNtones the \ertioal shaft 

revol\(‘s, the millstones, rntatin;^^ on their .i\es, d(‘scribe a 
circle on the horizontal bottom-plate, and [aikeriM* the inatt'i’ial 
lyin^^ thereon, scrapers bein;,,^ employed to brini; the material 
continually into the path ot the i-ollers ri;,,as, tj and 7 show 
the arran^nuneiit ol a reco»,^nis«*d excellent ed;^(*-i uniier mill 
titte 1 with a revolvin;^" bott(nn-plate. (i, which takes the form 
of an annular trou;,dG aetuatefi by a bevel \\heel mounted on 
the V(*rtical shaft. .1, and recei\in^^ motion from the drivin^r 
pulley, N, throu;,di the co;:wheel, (). on tin* horizontal sliaft, C 
The shaft. .1, is attached at tin* bottom to the trou;^di, and runs 
on lH*arin;.^^s. M and L The nillcrs or runm*rs, H, revolve on a 
fixed horizontal shaft, tlnur movement resultin^^ solely from 
the friction produce<i liV the material under treatment 
Uitween fh(‘ runners and the iKittom of the ti'ouoh. Tlie 
material is kept in the p^ith of tlie rollers by means of 
acrapei-s provided on the l>ottom-plate. 
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is required, which is seldom the ttise unless for special qualities 
of enamel, the powder coming from the mills is washed by 
sedimentation, the* coai-ser pirticles bein^^ used for oi dinary 
enamels and the finer for those of hi^dier quality. 

When washed in this manner, or ;,Tound in a wet state, 
the dryin;^^ of the materials entails j^rea-t care. With this 
object the jjiilpy mass is spin'ad out about tw() inches thick 
on cloths stret(‘hed upr>n fraims, tin* layer bein;^^ cov(‘n*d 
over* by (jther cloths and l(‘ft to dry. at tie* ordinary tem- 
perature in summer, wln-reas in winter tiim* the waste hot 
guises from the sineltin;^^ and calcinin;; o\ens an* utilised for 
heatin;^r fhe ili-\in;^r rooms C(»ntainin;;’ the aloresaid frames 
mount 'd oil iMcks 

In an (‘iiamel woiks of any size se\eral s(*ts of mills must 
be provideil, to^^'ethi'r with a reserve of millstoiu's i’ea<ly for 
use, as th(* stones wear away \ery quickly and fn'quently need 
trimmin;^'’, and it sa\es time to chani^e tlmm befort* they 
worn down and untrue. 

lin o\ide beiiii^^ already in a very fim ly dividi'd state 
nei'ds no ^o’lndin;;, but oid\ n'quiies le\ ii^uitin;^^ to nauovt* the 
pjirtichvi ot metal present. 

(h>mpai’ati\ ely soft materials such as lime, soda, etc., 
are reduci'd either in .i stampini,^ mill oi' bv jioundin*'’ in 
a mortar, and }>as.st*d throu;ih ,i tine sie\e, so that all the 
materials lequiu'd for prepanii;; the I'liami'l mass an* in as 
lim*ly di\idcd a condition as possible, rraily foi' use and fit for 
mixing, 

the toit'^oin^ treatment of tie* law materials thoimh 
exjHmsive is a m*ces,siUT and alisolutely imlis{H*nsable process, 
as it is tally when the ijfn*atest can* has }H*en bestoweil on the 
prejiaratitin ol the materials, aid ilu*y have lx*»‘n reiluced to 
the finest [)(Vs.sil)le eomlition. that one can count on obtaining 
a readily fusilde and perfectly homogeneous enamel. 



MiMN(; tin: m \i'i:ki \i> 


Kn'iii tlw' rli< <»i ' ri< i! • \ jil.m.inon ot dir < t.ikiii;; pliici* 

'iljnn;^^ tin- 1' t! liiarioil «»!' it htlinUs f li.lt . m tllr I 

tin* <‘n;uii<‘! III. I'-'' fiir in.|i\ i-lu.i! iii.ifriiaU (‘•ili'.i. liiiir, soda, 
t'to.l must lir 111 m <\(tr|nr|\ h||r st.ltr <i| <il\|sl()Il ;il|(j 
iiitima(‘\ '»t adiiuxfutr || di. (.jtriMtmii o| n)i\iii;j^ m not 
piMjM'j’K rani' d ' It. tn< iiiimri nlifuiird l'\ tusin^^ tin' 
\ ai loijs mat ••M ils t hr) will ii"t I ullil <• \ juM tahnii Imt may 

oxlllillt ('"n-ldi lal'lr 11 I r;_-ul,il itlrs III j t( . 1 ll f s " f ( 'nl 1 1 posj t 1 Ol 1 U U d 

fusil'ilitN Thin t..i . \am|'h . il I'lit nl ihr mass con 
Uins a lar;,^'- j'i"|Ha‘finii <•! 'ju.iit/ .md limr widi a rrlaiivly 
sijiiali amount "t snda tins pMitmii will I'am .1 s* 1 \ ndraclory 
cnaimT wliilst m thr nm.iind'i tli- ciinri^r <•< ii'iition.s pn*- 
vaihn;,^ will iriid.i tiir pinduci rv.n.mrly lusihlr That an 

miaiiud "I sllrh )llr;^Mlhll clmirttl will ;.;l\r Msr fo dltfi- 
(‘ultirs ill thr cairs. •>) iis ipplir.itinn (<i i iiirtal surlan* 
rnjuirrs no drn)"iisf i.itmn 

roiisrijiiMith , unit'»imil\ "I idiiiiNluir throu;4hou1 the 
entire mass an nidisji nsahlr Iratuir, ami "iir rntailin;^ 

^reAt cair in tih’ mi\in^ piMo-v^ 

The most srr\ leral.lr mefiiod of mixin;^^ tie- raw materialM 
for enamel is tliat *wh*'r* in usi* is made ot V' l’V Htron^ 
barrel.H, with wi'h,' )aiiij 4 hoh's provided witii ti;^lit-fitlinj' 
(‘TJ) 
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coverH. A shaft is passed throu^di tlie ends of the barrel so 
that the latter ean f)e rotated upon the axis thu^ provided, 
'the harr-el bein;^ charged about two-thirds full with wid^died 
(juantiti(;s of materials aeeordin^^ to jihe reeipe for the enamcd 
to he pro liiecd, is e.uised to I'otate slowly on its axis, where- 
by the materials are tiirown to^^ether and incoi’porated with 
one anoth(‘r. 

The time re(|uired to produfe a thorough admixture of 
the eonlents of tha ban-el ean only be detei mined by ex- 
perieiiee, and ehietly dep<‘iids on th(‘ si/(‘ oi the vessel the 
o)M‘rati(m brin^r i,),,!-,* (piickly nmipleted in small barrels than 
in those of lar^-e si/.e 

Since the fuscfl rnaiiiel mass has to lx* ei-ound up a;,niin, 
it is evident that a (•(insideral)le aiimunt of nintive jHiwi'r is 
re(|uired in a lar;:e amaniel works The cheapi'st form is 
water powt'r, wlum sullicH'iit isa\ailabh‘ for diiviii;^ the edm*. 
runners, erindin^ mills ami mixers. In delaiilt <d' water, 
steam is the least expensive, the eni^iiie beini:; jirefi'rably 
mounted in a central position f<u di-i\ me- tin'* machinery, so as 
t<t n-duce the cost nf imnmtiii;^, and loss of power in drivin^^ 
lone sKiftine 

'I'o eeonomisf' fuel it is advisalde tn utilisi- the heat of tlu* 
waste ^mses from the furnaces to ilrv the raw materials, 
and, where jiossible. to assist in lieAtine the l»oil(‘rs. wai-min^ 
the wati'r neede<l for otlier purposes m tin* works, etc., in a 
word, to utilise the fm*l to the utmost. 



TllK *i‘KKI‘Ai;ATI()N ()|‘ TldlMCAL 
lAAMIL^ 

Ml 

I’lii: i;\ \Mi.i. M 

A (it'' j>i '■! ^ < II (iih i III I'-" - li,i\' <'nl\ III m ilc.'ilt 

with _fi iin ,i!i \ llr in-th-i.l -it |ii -•}. uiii- t Ih- i.iw mat ■ri;ih 
I M'l f 1 1 r >.i 111' I M ill I' I . \ if ! I' MW III 1 1 1 \ m 1 k I 1 s (’;( rr\‘ 

“'If th'' j)rMi‘s> 'll r||,im.'illli_; 111 Mill I i|h| ,lt In’) in.| with u 
siri^li’ I IIMIIH’I KMss, It 1 ^ I). \ . 1 fill'll -- IM.’li'l.ilil.’ In liivnir if 
infn t \\ n St. (Mrs .ili'l l•||ljlln\ f W n ’’I’l i.| 1 at '• •’IIIIMi’l lllfl‘'SrK 
Tins W I Ml t K'lllai 1 \ lllljinl I lllf win II If IS ii<‘s|Mil (u ji|0»lu(‘l‘ 

Miiaiiii'llfil ;^Min(is all!,' (•» w if h^faii'l i- jii-afi 'l nspnsini’ to 

tiTlIjHIMfm rs, ,IS Is dll’ las.- Ulfh cnokni:; Hfil|si)s • 

()fll\ will'll till' rnli'jinsitl N n| fill- «'IMIII«'l |s sllch as to 
4‘nul)lf thr lafti’f fn rxpail'l lll’l (niifi.H’f III s\in|(afliy with 
the iiil'tal to which if i* a|<jili<'«l will tin* cnatiii;^^ rniimiii 
intact af'tni tlm aitnh' has hn.-n a tiiin- in usn If, on 

the other hainl, the nnafiinl is niiahh in inllnw tlm llucfnatioiiM 
of the nmtal. tlm ini’Vitalih- <oiis. ijimimr will he that in a 
slnyt time ininnin i .ihh- small tmsm .-s iii\ is|},|i- at first whll 
1 m* jjl'otlnceil, ami f he eii.im'-l Insm;^^ its hnhl nil the metal — 
W’ill T»e;^nn tn chlji ntl 

At the time when (he maniilaeture <,1 • naiimliyil mxxls, 

es|K*eiallv cunkiii;,' nfensi|s_ hr^Mh tn h. eaiiieij on oil a larfje 
acale^ suliicmnt altenrton h i'l rmt Inen h. siow*’.j on this eirciun- 
fHJh 
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stance, an<l consequently most of the enamelled ware produced 
Hufferc'd from tlie defect that the ♦(laze was soon rendered 
unHi|(htly hy tin* aforeMaid cracks, and ([uickly began to chip 
f»tf-a beliaviour which greatly retarded the general extension 
of enamel le(l goods bn* domestic j)iirposcs. hy reason of the 
lack of durability «*xhibit«‘d by this somewhat expensive 
ware 

For a l(jiig time (uideavoiu's have b*M‘n made to produce 
enaiiK'l masses possessed ot sulh(,ient properties ol texpansion 
and not liabh^ to crack and (diip ort‘, but this object was not 
attaimsl until the jiractice was adopted of rey)iacing a single 
layer of enamel by two, of ditfertuit molecular and chemical 
propi'i’ties, the one rnass being terim-d the ground, and the 
other tlu' coNei'ing layer. 

T;ik (iuoi'Ni) L\^kk 

As its miiiK' implies, the gr<»UM<l layer of enamel is the om* 
applied direct to the surface of the metal, and sepaiating the 
latUu* from the covei-mg layer With regaid to the ]>roperties 
ot the ground layer it should be noteij that the mass should 
h(‘ ol a \erv refiactoi v character, and onlv smtei-ed, without 
being actually lused. upon the sin-faee of the imUal, so that it 
covers the latter, not as -i peilVctly c<therent coating l)Ut as a 
}K)rous mas.s \i is as a n'sult ol this jiontsitv that the metal 
is abh' to expand and contract rapidly without causing a 
separation ot the constituent particles ot tln> ground laver of 
cmainel. 


'I'nf ( ’o\ t.itFxa; L\\ LK 

Ihis layer which acts as a glaze towards the giound lavcr, is 
iinarinbly eom|>ound« (l in such a mannm* as t<» be more readily 
fusible than tlu‘ latter, and t(» unite then-with at the surface 
of contact, so that the miamel exhibits, ir the tinislusl state, a 
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^(lual transition from tin* covi'rin;; layrr. tljron;^^ii an intt^r- 
imsliatf mixn«l stratum, to tin* >_^rounil lay**r 

Tin* uiftljo^l (if ti(*atm^ tin* mass«-‘( intcndci tn form tin* 
covnrin;; ami ;L:rouii<i layers nf enami l saiies accMi din;: t'' 
amount of cari exen'isr.) in •iitliienl lactones 'I'lic most 
ctfcctive niethoi rUld t)te mil lust calculated to ji|‘odut'C 
i^Nxid result’s Is UIhlouiitedl\ that wllililll t lu Hiass icsldtiu;: 
fnan the fusimi dl tin niateiials n r.- ;_u . »und. tlun ujijilicd 
to tlic oliieci to hr inaimillsl and hn. d tlicie..n the ojicra- 
tion lieiijo the same in tin* case (,| t Ip co\<j enannd 

'Die related lusin:^'-s m,»ke this pi.icess e\|Mnsi\e, and 
therefore many attempts ha\e lieeii ma<h t<i cheapen it hy 
inoditical lolls , none d which li<iwe\.u ha\' siiece<(ied in 
yielding e<pMll\ r* suits 

In tile t'as( ot (hi ip' I waie, tie prehminai\ hisiii;,: of tin* 
oround laver enamel is .aiiittid tle-^ mixed law mateiaalH 
Im-hio applK'd diieil t" the oiiiaie d the metal ami melted 
thereon, 'Die cosii • nane 1 is then usually du icI on In the 
form ol j(ow del , and I Used I'luNidid suiliciinl ( ire he ( xer> 
ciseil, pertectl\- iniiiipi aehahh |. suits cm li*' (ililaiieMl h\ thin 
nK'tho'l, thoii^di 111 no I’asi is the wan sd duiahle as that 
■prep.ired hv the aid ot pi.\ioU'l\ lined ;:i'aind ai>i <*over 
enamels. 

As, m it w It list a mil ne tleii io\N ■ i pMc . tie* h ss eaiejuliy 
pr**pare(l ;:(iods canimt nUiijx te with flmsc manutacl ur^(I wdili 
;:reatei attention to suit ihh- pi ••(• lut mnai \ i e;rul;it ions, it is to 
the interest ot e\ei\ inakei ol (Iiamelhd waie to use none 
but priwioUsU tused eii-iim 1 mass. ^ and to disi'ontinue the 
ppiclice ot meltin^^ the .mane 1 miMur- dm > t on the metal 
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l^'oniici ly llif iii;^ of tilt* Inas^ wa^ on small 

(juaiitilit's ,it a hni»‘. owino to tin* ditlicMilty tlK-n st.iiidiiin in 
tin' \\',iy of woikin;^’ witli lar^fi' aniounls. rs|trci<ill v in tin* case 
of very ivfractory (‘nainoN 'I'in* clin'f (mus(' oI tlu* ivluctance 
of ni.ikcrs to (‘0'i\ on! tlii^ important oprialion was on 
account of tin* •‘noimoiis (|uantity ol Im'l consiiim'd in the 
lurnaces. hut sim-e thr^^riMt |)ioni-css made in the eonstruc- 
tion ol the laltei\ tlm dillicultv has hism aholiNhrd, tie* heat 
em[)loy(‘d heini,^ now fully utilis<-d 

Oiu oiimKs 

'Idle ?wuelt in;^^ of ^rjjiss masses is :^n'nerall\ eflerted in lartm 
pots or c! ucihles of sjn'cial shape and method of arraii;;ement 
in the furnace, and a lew word^ will 1 h‘ de\oted to thesi* 
crucililes lu'loie jiassin;," to tin* description of the furnaces. 

It is naturally indispeiisalile that the crueihles should lie 
made ol perlectl\ tirej>roof materials, sinks' they have to with- 
stand strong \\hit(‘ ln'at ; and as tlnw an* r.ither expensive it 
becomes imct'ssary to make tliem serve as manv times as 
passible. 

Ill most works the so-calhsl Hessian crucibles are used for 
smeltine^ till' enamel mass, these appliam'es ht'ini,^ exc'llent for 
this purpivse in so far as tlieir hii^h tin'-r»‘sistin;; pro[)erties 
are eoiic(MMied. tie* hii^hest t-'inperature of the furnace pro- 
(lilH 
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la^ 

(lucing no furtlKM* <‘ri'*ct on thoni tlnin a sintfiin;; of 

tin* e<lj^n*s N**\ I'l tln‘l« ss, th,> rh luiral inllu'*in i* •'Nt'iiml l>y 
tin* iiuitvri.iU o( tin* Hrvsjaii mn'ililt* tui ilio «‘naint'l mass is a 
v<*ry iiHjioi t.int lousi Iri iiion ncli in It.isic sulis(anct*s^* 

<’ / . so<la. att ick tjuriMi H t<> ,i r in>'nl. i altir aini 

tonn. at th*- ''lul.u-r ,.t ront.ni ln-!i!\ p-h.irtoM ('itni|K)un'ls 
F urt Ina'inorA. thf n n c lup-'un.U |ii«-'‘<'!it ni tli'- t'nn’il>!«* 
inatt'ii il rn ik*- t’n. if \\a\ i») ^ i,,, . ml.) fh.- i‘iiaui(*l an<l 

|)ro<lu('t‘ ( < .li I) at i"ii ill*--. i.||.nlt'< . iisini ^ incif |taiM tcularl v 
\vliil.‘ ill. u ii<'i I'l' n • '^iill n.'W >iiu.' tlir i .•! i ai”l'*i’\' 

lay.-f. t-niii. .1 o\ ( . .iiikiiiaf 1 . 'll wnh sHk i .mi ili.‘ ualK oi tin* 
ci'Ucil.l.' .ii;iiii4 fh. v|,,, itiii^r o| |i|. ii,s| iliaii:.' iislitutrsa 


kin.l of :^da 

w .ich, III sid.^. .jn lit 11-' i 

h-.th 

jnes. 

■i\- tin* 

ClUClhh' tl' III 

hn I Ic 1 (. 11 . -sc III 1 ic i |>i . \ 

.■;its 

lie 

contents 

fl»im heeniilllli; 

1 - lilt I III 1 ll 1 1 • • i 




'I'h. chl.f 

( lu-- • j- 1 itiii- 1-- spel 

tic 

Cl IK 

ihles is, 


n*'Uall\. ll" "t i<!illoi__* tic In willi i li--.li I’liar^^n' 

will Nt 1 1 1 1 1 1 t Ic I 111 I ia< - I III lie ' 1 1 it • 1 \ 'a 1 1 • I ( In ) ii''< • I charge 

lias 1 1. ■ell I nil - - tl t 111 . f Ic ij-’ i t 111 . |ii o\ cl. i I 1- >1 (lie pni'jMisn 
at til'' liottoin "I tie <iU'-il.|- \t the 111 * .imnit ol eiii jit y ino^ 
the <■! ucihlc 1'' at tic III i , iiniini I --in j • i it ni -• at I ai iia hie in t he 
nilll.lCC and d now tie tl.-sh eh.ll;,^.- ol <'olii jiai -it i v ejy cold 
materials he intiodin.d at once the r< sidt is that crackM are 
liahle to he jir-niuee.l which enlist ilitl\ llM-|ease atld often 
terminate in the hieaka^’»* nt tie cineihle jiist at the motiienl 
when it is full ol iiis.-.l niat'-rial, thus eaiisinn ^ waste of 

time and stidl 

It let ini Ve.|iieiit ly liajijMie that a erijcihle is already 
sj»^»i|ed Ixd’ore it h.is been ijs.-d at all sme,. when |ett exposi'il 
to the ail lor s.iiiie tine tie ejueihh-s ha\.- a ten<Iency to 
al>sAih moisture, in a t|inntiiy sulhcient thoue'h in itnelf 
small “-to cause tlem to eiaek if exjesed to the heat of the 
furnace without due jmiaution, I hus w len jair suddenly 
into the hot furna the water eniitaiiied in tie jxii'es is con- 
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v(3rt(Ml immediately into steam, which by its rapid efforts to 
escape ;,Hvch rise to cracks in the mass of the crucible. 

Omseijiiently, in all lar^^e enaniel works, where the fur-' 
’naces are in constant use, it becomes important to prevent as 
far as possible the danmL^** and inconvenience arisin^^ from the 
breaka;<e of the ci-ueibles in this manner. To this end, each 
crucible is very carefully examined, rejecting any'that app ‘ar ■ 
defectiv(‘, and placin;^ the s((und ones to (iry, a very suitable 
method of carryin^^ this into (*tii»et l»>in;^^ to keep a number of 
the crucibles on the donje of tin* furnace', thou;.,di a special 
dryiti}^^ cliamber, heated by the waste poises from the furnace, 
is still better. The crucibles b^'inj; thereby thoroughly 
drieil can then la* set in the fuina<*e without any fear of 

crac killer. 

It is hi^t^'Lv ailvisablr to warm the charj^o* of material to 
be smelted in a st‘j»ar<itt* chamlx*!' bofoi-c tillin;^ tin* eruciltles, 
since this procedure not only ln*lps to pn*\ent tin* ci'ackin;^ of 
tin* (*i’ucibl(*s, but also to r(*duct* tin* tim** occupi<*d ni fusino 
the mass, the work beinj: greatly --imj>htied wln*n this pre- 
liminary ln*,i(iii;,^ is »*th*eted in a vt*ssel from ndiich tin* charj^e 
of warmeil-up mat<‘rials can Ik* run direct into the crucibles. 
The most suital>le \(‘ssrK lor this purpose are madt* of tire- 
proof materials, and sha]M*d lik( a flat. ov,il basin with four 
stroll;,' lu;,'s at tin* side, by means of winch tin* \ess«*l (*an be 

lilted with a coi responilin;^ 'ion foikr 

When a crucible to la* ehaix'ed, om* workman lifts the 
warmiM;,'-up p.in out ol tin* chamber by tin* aid of the said 
iron foi’k, and slides it o\er tin* t'd;;e of tin* crucible, a second 
workman thercujKm tippin;,' up tin* pan. by means of a hcKik 
act in;; on a projection at the hack, mi that tin* contents are 
dischar;;(‘d into tin* crucibh*. A vessel and lork <»f the kind 
just desciibed are sjiown in' Ki;;'' N and !' respect i\ elv 

In sonn’' works n is the custom to use the s;ilts O' </■, Inirax, 
soda, etc I emjdoyed in the enamel mass, ..brect without pre- 



APPLIANCES KoK SMELTING THE ENAMEL MASS 107 


viously ilcprivm;,' thorn of contAiiu*»l \vrtt<*r. a practice that 
shoiiM, howfvor. )k‘ ilrpnrato.l on rtcciaint nf tin* (lithcillties 
to which it ri'^f m ntardin;: tin fusion of the inaHS, 

etc 

Thr ]in'|»rr (Nnu'-f to jiui'-n*' to \M»ik with <lc!iyth’ate<l 
inat«'naU whnh lias<‘ l»<,ji jn ti;j:litl\ cl('''«'«l \cHsels 

and niix^rwith tic otlur inL^j < dent'- in tie- ir\ol\ino barrels 




already nnntioii<d thf iiii\tin< Lmh;:' j.roinptlv j)lae»*d in the 
warinin;^^-n ji (liaiiihri to j.r*-\'nt .nj\ .ili'^oipt ion (»! nioi‘<ttire. 

rno|a/*-d jx*t«t'l;nn cincihlt s an hi;^dil\ r •■(•(annifiidahh* 
though soiip-what Oidin.iiv j»or(Mlain, however, 

is ‘not ^nitald*' for thi" j»urjK>'-<^ it*-! f<)inpo‘'ition Iwin^^ stich 
that It wlcn (AjM-s. d to th<- In at 'd tic snndtin;' 

fnrnaco I'his iM'haNionr die to th»' jifsi'iico <A sneh a 
lar^o' j^rupii tion f^ ispar. which In^os nnd< r tic ;;r<*at heat 
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employe'], aiul forms a matrix surroundinj^ the (juartz ami 
kaolin. 

CoiiHc-ijm-ntly the, poivelain cnicii)les for smt'ltin;,^ (‘iiamels 
Tnust he pi'(;[)are(l from a mass ondowed with very hi;^dily 
refractoi \ pi'(>[)<‘rti«-s and pmMectly tireproof — an end eas\ to 
attain ))y I'edm in*^^ the efjntrnt of h-lspar to a minimum, and 
corrt‘.sp<jridin;;ly men-asinu tin* pn»portion of kaolin ' 

Such a crueihic. if prop-aly tn-atisl at the first time of 
usin;^, hcc(uiies <‘\'c(‘llcntl\’ adapted for thr fusidii df riiamel 
masses When the first eh,n';^e is ^meltcMl, the intei io)- of the 
criieihle hecdiiic'' euafe.l with a tliui la\ er of ^la/e -nmre 
relraefory than the r'-st of the ctmteiit'' and ivmainiiij^ 
utiaffecfed hy suKse(|nent char; 4 es I’uiaelam body heiil;,^ 
alvva\’s made trom pute / /■ , ir'm-lreel mateiiais ther<‘ is no 
dauLjer of the enamel m.iss hein;^ emitaminated with iron, 
even lh(‘ tii'sl time >>1 iisitm the crueilde 

I 

Expeiaetice tea<dies that the ciucihle^ last loiim-st when 
kejit conslantl\ h(»t and pre\ented fioni hecKmin;^- cuoh'd 
throu; 4 ’h the admissidii <if cold air or charyuim with unlnsited 
inatiTials, kor this reason the furnaces should he in watrk 
eontinuously, tin* crucihles no heini^^ removed or allowed to 
cool until tlii'V are worn out »>r the furnace is to lx* shut 
dow'ii for some time In the lattei- e\(‘nt the dampers are 
closed, so that the fire hums out slowlx and tie* furnace after- 
wards gradually cools down, the crucihh‘«s not l>ein;4 remo\ed 
until cool enou;;h to handh- . they aie then carefully exam- 
incil, es})cciall\ near the Inttlom. Ixdore Isdui^ imcd ai;ain 

riir Smki.tino Fruwi r 

'Phe furnaiM's formerly in mmcral use tor smelting enaiiUd 
umSvSt'M were of the vertical type sliown in s(‘ction in ld*r 10, 
In the cmith' of tlu' hearth is a circular opeiiin- c<mtainin^^ 
a evlinder of fireproof mateiial i'XtmidiiiLr dvwnwards through 
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the a^'hpit int<' a eliamlMT iiii.h-riu .iih whiUf tin- ti|tjHT end 
pntjeets a ‘^h(•^t di^laier into tlie luinacf and. )H in^r cut 
Hal at tile tnji s, r\'s ,»s a suppoit Id tie- nueihlc. Tlu'* 
hirnaof is siij^phrd wnh In. I tlnonoii the top. and the 
ehainl'.-! hfl.iw tli.- ashpu .niit iiii'' a tnl> .»f w it. r to r.-eeive 
tin* nmltm Iliads .a main. 1 

rin* eiin'iltlf is* htt..| with a Ini, wlinh pi.ij.et'' U*y‘»nd 
tlif walls all loiind .ind piovi.h d at th. t<.p with a kind) 



I 


in 


for liftin;; 'Tlin hottom p. jloiat.d with an ajM-itnn* whndi 
clos«-d. n.ich tinn- tin- i iinild. i- r. cliai;:''.! h\ ineaiih of a 
layer of (piart/ iinMl im\»- 1 to .i past.- with wat. r 

•A nuinUr o| sueh fninan. s siv) may In- arranged 

rouini a central Ihn* to carry <.tl fin- pnulueis o{ comhnntion, 
and, hv a ^li;rhtly iimditi-d construction, tin- wa^t^* tT^iseh can 
be diverted. fir‘'t ii*to tin- In-at in;,'-up chimlM-r and th'-n under 
the i) 4 in fur calcinin;,^ tin or mtu tin- nKun for drying' tlic 
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ware to he enamelled, <?tc. In such wise it is advisable to 
make the furnaci* of such a shape that the fuel is admitted, 
tiot throuj^di the top, hut hy an aperture in the side, a little 
hi^'her than the upper edg(; of the crucil)le, so that the con- 
tents of tie- latter can he (‘xamined, tie* plui( at th(‘ bottom 
knocketl out, and <i fresh chai'^je insert(‘d. 

Tlie arraii;^nMiient of this class of fui*nace (‘xhihits ^n-eat 
similai'ity with that of an ordim'Ui-y ;,dass fuiaiace, and is more 
(.‘conomieal in consumption of fuel than when each criicihle 
has to l)e he.'ited sepaiMtely. 



Fi(. 11 


F(»r larger <‘s{al)lishments. the 'author has desi^oied a 
fui’iiace to hold mile or tW(d\e (“rucihles. as sleiwn in section 
in Fi;j; 1 1. and in plan in Fi;j^ 12. ddie ciucihles are mounUsl 
on conical supports, restiiiL,^ on an arch under which the 
vessels for catchinj,; the molten mass ai‘e situated, 'fhe hei\t 
for meltiuL,^ the cliari^n- m the crucihhs ascemU from two 
hearths, F, and the object of th<‘ partition walF, S, is to unite 
the two currents of hot <;asi^s and con\ey them to the chimney, 
E. The tofi of the furnace is formed of a thick fireclay plate 
pierced with nine pir twelve! optuiinj,^ into which the crucibles 
tit, the latter Udne^ very tall in pniportion to their breadtli. 
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in order to lioM .i r <juantity of tlie enami'l wliioh 

Mhrink‘< ('on^id^Tal'l} ni lailk a*' it fu'-es 

For W'lk'' '*! »‘\tia ^i/.- tlir l-i-st furnaees are* 

tiiose wheinn tl\< < nuaM. -', ill'll, id >■! 1" nw rxjMtsi'd directly 

to tile liuniliii; lu.'l 11 . fi, It. .1 1 ,\ j.-n. I at-ti .;;^,i>. jilodlleed in 
''ejtaratf ftniin.' In tlii'^ < i^^.- tie iined*lrs aie aiiMii^ed 
to ^t.iiid 'jUit'' l i I • * and 111 i\ Im . u. ’nv, .j m n e.dU (o 

winch the adiin''-'!"n "i h"( i'- " -;'h '1 •lanii'ei'' 

d'he inoNt id\ Tilt i^. . 'Us sill., II Pa ih* ^'-n-i.itor is a 

('tMltr.il olie \N It !l 1 • 11 d I " t ht ei Ui 1 1 ■!< " W hit il O' 1 1 1 1 11:,^ el 1 u a 



sueh . 1 ^ ''lack ico.ih -.1 h^iiif- th*- ^ i^- ^ \ ndd. d h\ winch are 
of hi;;h e<iIoiitie }."W.i fh.it th- Inn. a. n] \.i\ ifli.idory 
♦ MiaiiieN i-' etl* ( t' I w oh • a-' 

. Kl t‘ 1 ill' "'MU 1 IN'. 

Xowatias" ttif .1. laii. hn na*-** tminsli.-s nmeh ln;^di(*r 
t+MU|HM’ature*' th.in .u** att.nnihh in .in\ otluM kftei, ami it 
is th-refore a [/'anj w<a'th etaiHid'MMn;;, wiethtM- the iieat of 
the electric are canti'd. l.e uliiint-l h^r the sirndtin;; (Miaiuel 
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rnaHscs hikI oilier refractory ;;las.ses. This is ureioubtedly 
within the hounds of possibility, all that is necessary bein^^' 

*to bnn^^ the material nnd(T treatment under the influence of 

• 

the arc, in a suitable mannei*, for the mass to fuse instantane- 
ously, whei-euj)on it may la* cau^dit in a crucible 'riiii latter 
should of eour-se be kept hot miou^di in a suitable furnace* 
to maintain the fused mass in a liipiid condition. When full, 
the siiK'ltin^^ is intm-nipted whilirthi* crueibh' is l>einL^ emptied 
and replaced, wliereujion the circuit is a;,niin eomph-ted and th(‘ 
operation resumed. The most ndractory potash-lime ^Hasses 
can be fused in this manner with ease; but whethei’ tlu‘ same 
process is suitable for lead ^dass re)|uires to be (k-termiiied 
e\p(*rimen(ally, sims* in \ lew of the p(»werful i‘e<lncinj.; action 
of the (‘leclric aie it i'^ possibh* that the lead o.xide may be 
risluceil even in pi’escnee ol silica- the I'esult bein^^ t" modify 
the charaetei' of the ;tlass prixluced 



XIV 

sMi:i;nx(i^Tni: ( H \K(;i: 

In this (i|MratHin all th*- jtrfcaut nms rtna; 4 iual'lt must h(‘ 
takiui to ju toriif loss throUj^h thr la raka;^"*- <*1 tln‘ ci U(’i1*1ch. 
<’SjK‘riall\ the tii^f linm tin y ai« usrd Thr lollow is thi> 
ini'thod |)Ursuc(j -- 

Tin* crucihhs, I Im-iiii: carrrulK cNamiiusl, ao- honsl 
with a (‘oiiical str( I hit, oi ^njlh irnt Im-adth arioss tin- hottom 
to inako an a|)*’! t tn • lai^< riidu^ h (n aii n\N t lic i'usi il mass to 
run out A'' tlu- ;_''i'iui|.l . n.imrls .ii'- m-vr) sd jluid as th<»s<' 
intmnhsl lor tlic (soninj,; la\*-i the hok < m iiiicihlis for 
fusino tho foimci' mu^'t l>f lai;^< i than tlm i* , ai out 

\ incli in iliani't t-r, as i nmjMi* <1 with t" i inch 

Idle oh|c< t <if makiiijL.' the h h s tap* i is to 'acililat*’ the 
rcinoNal ot thr plu;;s. wnh which th< \ an < losr.l witilr the 

mass is hciii;,^ iusrtl Tin <-1 phip^s an jMrPiahh’ made of 

quartz meal. moisi« ni d \Mth;^um watri s.. a'- to iojiii a plastic, 
colierent mass winch, uinhi tin- Inat of tin furnacr, sinti-rs 
tO|.(ctln*r and [»rcvcnts tin- contrnts (,f tin- ci ucihl* fi om cse^ipin^ 
until the plu;; has hi * n displaced hy tin- insertion of a pointed 
iron ro«l. When the crucihle is to he char;:er| anew a fresh 
must !«' made and put in, and \\ith tins tihject the mjces- 

sary quantity of plastic material is hxed f>n the tip of an iron 

rod, by iiR*ans of wdiich it can lx- pressed into th* plu;; hole, an 
iron disc I'aiad with clay Ixun;; provnhd on the nn^to protect 
the Of>enitor's hand from the heat of the turnaee 

L’nfortunately fl often hapjicns, particularly when the* 
(lid) 8 
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plu^; in made rather too large, that the crucible cracks on 
coming into contact with the cold damp mass. To avoid this. 
»evil the author generally uses well-fitting plugs of wrought 
iron attached to wrought-iron rods, the lid of the crucible 
Ixdng then provided with a slit extending nearly to the centre 
— (jr, better still, divid(3d in two pieces through Uie middle — 
to admit of the insertion of the rod. Fig. 13 shows the 
arraiigeimnit of a crucibte fitted ^hth such an iron plug. 

To pn^vent any injurious n'sults accruing from the pre.sence 



Fn, 1'3. 

of iron ill contact with the enamel mass, thi.s rod and plug are 
previously coated with an enamel <»f sucli refractory character 
tliat, though fusible at a \(‘ry high tomperatur.-, it remains 
solid at the temperatures attained in smelting ordinary 
charges. 

If, when the plug is raised to allow the molt<*n enam*^! to 
run out, it is lowm-ed again befoia' tin* crucible is (piite empty, 
the ajx'i’tUA' will Ix' etlectually sealed by the soliilihcation of 
the residue on the introduction of the ci»mj)aratively cool fresh 
charge of materials SuKseipieiitly, when the contents again 
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reacli a of tiHioii, th»‘ plu;^^ is k»*p( down in jxwition by 
the WOl;rh( of tho ('h;ir;^ 0 ‘ 

Another j.lan 1 <m ki‘fpin:jf tin- plu;^^ npriji^ht h to Ix'nd 
it sideways ami then upwaid^- pas'-iiie tin* upper end tlirouijh 
a hole in that hall «*! tTie hd w hieh i> kept peiinanenlly on 
tin* crueil.U, the mher iialf ..f the h.i Ih-ui- t ike,, oir \Nhen tiu? 

char;^0‘ is tn he lrI^OV<d i^er 111 

I he ('|•ll(■l I lie h.-ni^ hill’ll ahiiD-'t up I" the hiain with tht* 
char;^^- • d anhydi of^'^ mat. i laU. t lie Iid is put nn and t he rrueihK* 
Hi‘t in tin* hnnai e xshei.mjHin tl,. latt.a mbeated up i^oauiually, 
by first throuiiie n, a tunineh la\e|-()t el'0\m;^^ tuel oti to 
the hearth, and then iddiiii; e<.|d lu.d until the cueihh* in 
imtindy sunounded the,. -with 

When the wh'iie tna^s .>1 fuel m m a ;^I"\\ine condition, 
more is adde.l 1 1 dill t line t< . t line and t lie ('diit eiif s I ti the crucililu 
are examined at intemaU Ih.u.M r Tii^dith t he (diar;^o* may 
have been packed at thst it s.utles .|n\\ n ('.aiside, aiil\ in fusinj^, 
an<l then t'urthe, (juant iti."- iie added b\ d.'e|.-,'s_ until at 
last the CMK’dile )s lull n.,i|l\ t.. the blim with the moltiui 
♦'iianiel m.is' 

• I’d asc-adaiii wh* th'i fh.- ontenfs aie all li'juehed, a hot 
iron I'dd CMafe.l w ith v* i \ letiai t'.iy . nam. 1 is inserted in tln‘ 
crucible, whiii ii I" Idund that tie idd can be md\ ed aUait 
freel\ WlthdUt lie el liii: ,\\ !t h applerrible l.slstance, it 

may lie ( dlisl.lrled that the nia''S pj.tj.. 1 Iv smelted 

W'lth a little practic' th<- dp. jaf.a will U- able to jud;.je, 
by tiini aldie and witlieiit the aid dt the tesf ,od, w}i*>ther 
the ( Miiteuts are tiis.-i iiev .a I }e i* s.. it is always advisable to 
U'^e t he hhI 1m Idi e h tune th' < h n „'e Min out as it iua\’ hapjsMi, 
despite the cai. tak'ii td .noiM pidjHM a'imixture of the 
njat<*rials th.it 'im- j.atls .u tie ‘mas^ a,e nioi e refractory 
than til. rest m whic), .w.-nt th*- r"d is the oifly reliable 
ti‘ht. 

Before allowing the char;^'' to e^ea|K-, tie* lurnace is fired 
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briskly for about t<‘n minutes, in order that the ^rreat heat 
may rend<'r tin* mass extremely fluid, free from air bubbles,- 
• and able to run away with (*ase. 

S[>ecial precautions must 1m* taken throughout the entire 
operation to protect the contents Of tlie crucible from the 
action (jf th(‘ furnace ^^ases, and prevent access* of particles 
of fuel. In the case of jirround enamels of coinmon quality, 
less vi^ril.i,,e(* in n‘(niin‘d than ^when tim* eoverin^^ enamels 
are hein^*' fused, <>r when coloun'd mass(<s containing easily 
reducible metallic o*xides are in <(Uestion, 

I bus, if, for example, a mass coloun*d ^^reen by cupric 
oxide were fused in an ojH*n crucible or one allowin^^ particles 
of carbon to access to the contents, the inevitable result 
of this iM'^dect of the reipiisite precautions would be the pro- 
duction of an enaiiM*! d isci ilouix'd, or even re<l, in the upper lavu'rs, 
from the reduction of Uie cupric oxidi* to the cuj>rous comlition, 

( onseijUently the ciucible lids should Im* ma<le to tit verv’ close 
and must not be kept open any lon;^o*r than is absolutely 

necessary , fui'tlu'rmon*, an addition of some oxitlisin^m^^ent 

saltpetre or mar^miiese dioxide ahe latter in veiy small amount) 
should, unless injurious in other r(‘spects, be made, in order to 
count(*ract the reducin^^ influence of the furnace ^mses. 

Despite all precautions, it occasionally happens that some 
|)arts of tlu* fus(‘d and n‘-soli<lltied luass ('xhibit a brown or 
black streaky ap|H‘arance, in which case these coloured portions 
should Ih* picked out from the remainder, in order to prevent 
the whole bcm^^ spoiled durin;; re-meltin«^u Tlu* discoloured 
pieces are set asidt*. and. when ('iiou^di has lieeii collected to 
till a crucible, an* fused o\er a;,uiin witli an addition (tf 5 per 
cent, of Halt|M*tre. If the discoloration has been produced by 
carlKin, the latti'r will U* completely consumed by the oxygen 
liberate<i tVom the saltjMdre, whilst if the result of ferrous 
oxide, the latter will be converted into the less powerful 
pi|jment. ferric oxide. 
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Tlii^ latt«‘r «>xi'lr inon>o\ cr. tlirnu;;h()ut 

tlu? ♦'iitin* mass h.i" nnl\ a \*‘rv sH^r'Iit <»n dm (‘olmn. and 

tin'ndnrk* not s|>nil tln' »*n.iiu 1 torn"** as a -rionnd layor. 

It must mn 1*0 Uanr in mind that thf addition oi 
will rt‘sulf III a, Mu'ditu at mn ol tin- lusihilitN <d' the 
enaimd, to (■(>ir<Mr wlindi a c ai <''|»< >ii liii_^ amount (vf silica 
slmnM it«‘ add«'d 1>. I. a I* t li<' ma'^^ m I < m.'li. i l’.\ ( lus arliticr 
the oriLTiiiai |ii "|h 1 1 i- s .»i i h- ma"'- r lu li< i • --Imi . d 

Inmost woiksit m 1‘imtiaTi 11 \ (<• h’"' t ' h- Mias', ha i-i-dnml 

t 

enamel < 'Illy ' ai( md 1 < t it inn -ai int" t h*- \\ af« i tuhsiindem 
neatli siaiie maki is wailinj^ until th. m<*l'.-n mass has sn lai‘ 
l(>osrn'>d tin* sihea plnu at tin l"at<aii diat tin tlnid lu-^rins to 
tl'ickle tlu'oUi^di It Is iifi Ik s>, f,i s,i\ ill it this laaetn*'* lailliot 
Ik* edinnieinled as in man\ i m n |. ids im ,i '^^i. at wast'* ol 
time and heat niei'l\ na tin janpos,. nt kMi'.rinii;^^ tin* )»hl;j, 
and thei’itoie eimdilis '-jiMuld h- ja'I^-iahly tittni with tin* 
iron jiluos alreadv d' sei ih* d 

Wln-n fill'* ( n\ .a i nann Is ai* in )ae|iiiatnai i' is snai<*ely 
jKissihh* to finish tln*m |.i"]n*i!\ ly a sm^l,- sm••ltln;^^ smcc 
thnv i^n'iieralU' a|»|tt‘ai lull ol small laihl.lrs \Nhen onl\ once 
fused, and c(ais.*(|in*ntl\ r'*')Uiiv nn ltin;: a siM-.aid ;s<anetinmh 
even a third tune Hd\\.*\i‘i h\ ineo asin;^ tin* In at much 
a.s [xissihle ift**r tin* mass has hreoim* Injunl in the m*con<l 
fusiU"’, it \S’ill ^fiicralK h'* t'Uind that this frcatiin’iit sulIiccK 
to furnish a product In '-^iom laihhles, tin* mass hnni^ tlmrchy 
ri'inlcred thin .-nou;:!! to all<»w tin* huhhies to asceml and 
dissipate 

(^uenchin;,^ dm fusn.l mass ni cold watei mak.*s it liritth; 
tWid easily n*duced to jx.wdtT h\ stampin;^^ and ;(rin iin^' The* 
usual c<)urse is to allou tin* ipn*nc}n’d mat*‘nal to accumulaUi 
for a cerkiiti tmm, tli'*n dry <*aretujly ''ei^di, and send to the 
stamping mill, after w Inch it m oiound and \s ei;^rhed a^ain, tlm 
frc(|U‘*nt wei^diin;4s h.*!!!;: for fh** pui|x>s.- ol <‘stimatin;; tlm 
IMJrcciita^oi (T unpfev.-ntihh* waste, \\hn*h occurs rlurin;; the 
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handling of the material and differs according to the nature of 
same. 

(iri riding is invariably effected with the assistance of pure 
v;ater, the usual (juantity employed being three times the 
weight ol the dry matter treated. The operation necessitates 
the gr(‘atest care, and the product must be as ti;ie as Hour, 
since each coarst' granule will cause a defective spot when the 
mass is used for enamelling. 

Even in the case ot technical* enamels great care must be 
taken in the grinding, since gi-anular tragmeiits will cause the 
enamel to blister when put on the ware, and leave a bare sur- 
face of metal exposed to tlu' injurious action of corrosive 
li(|uids, and although these defective places can be made 
good, the opei'ation is troublesome, and pi'evention, by pi’operly 
grinding the enamel, is better than curt' 



('OMiDsiTioN or m\ss!> 


It ha'^ alrriidy ‘'tat<‘'i m )>i f\ i« sect ),tns t hat ••luimolH 
are iiotliiii;^' inon than ('"hain-.l ,,r rnnitn'l ojwnjuc hy 

in»*ans of ('crlaln a'i<h-«) ^n)«st.in(N s 

As (‘naiin'K air ns.-.l idr hii^liK <ii\ - i ;j;< nt punnm ■> it he* 
comes very imjKirt.int t-' ni'Mlit\ th' ir • <iiny<.sit itai in sncfi a 
manner a-^ to Inst tit tlem t"i th<- ].;»rtienlai ohiri't foi wliieh 
they are destine.! Knaniels inteieh.l snl.l\ h.r artistic 
einhelhsiinient must, al'.n.' . \ ••i'\ tliin;:. e\hihit l>eauty of 

Ccdour and lii;^di hl^tie. t-. clemiicil infiiiemes hein^^ 

in this casr a minor e..n''i'ieiati.m wh< n is the niain jioint. in 
t-eehnieal enamels is a suital>le ( < im|M .^it n .n t.. .'njihle thiun to 
efrectually \sithst,ind ehemieals aiel eliaii^. s .d |rm|>erature. 

( 'onsf(|Uentl\' the n»m|M.'.iti..n <•! . nann 1 mass, s 1 i;ik to Ik) 
rcjnirde.i li’om N'1\ .htl’-i. nt j.anls.il \ n-w , a< e«'i din;,^MiM the 
pnxliK'ts are inten.l.'.i ha t-'himai "i aitistie jaiipos.'s. and 
the first tjUesiKin to e.afsid. r is hy what means the fusibility 
of the mass can he m..difi.d s., as to Is- irjiden-.i more refrac- 
tory or more tusihle a<cor.lin;; to ilm re.jun . nients of the caHc. 

It may he laid down as an axiom in tins connection tlmt ; 
<he hi^iier tlie projxirtion ol sihea in relation t.t tlie . ther consti- 
tuents, tile more refrai lory will tie- product h. an.i tlierefore tfie 
^eater.its hardness and "t resistance aoninst eliemicMil 

agencies. ( Vmsruueml v. it it wej* jm-vsilile to tune silica hy 
itself, a glaze of pure silica woiil'l form an ideaf I'tianieJ for 
technical pur|M>se« l lns U-mg, howe\ei. impissjhle, tlie silica 

ir.h 
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haH to bi iilixeO with basic substances in order to obtain a 
fiisibl(3 tnass, 

'Flu; most refractory and diirabh* enamels are furnished by 
i*iass(;s (‘(msistin;^ i;ntii-ely of [>otash and lime, in addition to 
silica, since such masses are really nothin;^ more or less than 
very I’cfractoiy ;^dass. As it is the object of evyry enamel- 
makcj' t(j produce a constantly uniform artich*. manufacturers 
are stron;;ly rec()nini(*ndt*d, in their own interest, to compound 
small (piaiititics < f these material^ in \arioys proportions, ami 
thus ascertain by tiial smeltine-s how these mixtures Irehave 
and which is the most suitable toi- any i,d\cn pur|Kjse. 

Masses foi' n{‘()und enamels ai’e mostly comj)osed solely of 
silica, bora\ and fclspai'. then* fu.sibilit}’ increasine’ in projK)r- 
tion to the amount of tin; two last mimed , ami it is possible, 
by vaiA’in;; the (piantit)’ of birax, to adjust the fusibility of 
th(‘ mass within a conif arati\ el_\ wide r,in;4c 

do (h'orcase the fusibility of any mass, the fustsl materials 
art' ;^M'ound and mi\e<l with a known (luantity of Hm.'ly 
levi;^nited clay, the amount of this eonslitueiit heine so lar;(e 
that the powilered mas^, when .ippli«‘d to the surface to be 
enaiiit'lh'd, can only he imnle to sinter oi’ frit, wuthout actually, 
fiisino. * (iround silica or felspar ma\ be used in place of 
clay, l)Ut ill such event the mass will be transparent instead 
of opatjue, both thes(‘ hodit's consistini,^ ot small particles of 
transparent material 

do rt'mier a mass mon* fusible it is t'ither mixe<l wdth lead 
oxide or a lare;e proportion of borax is taken, this modification 
bein^^ of course imnh' when compoundin;LC the mass from the 
raw mati'rials. 

When the enamels art' to be coloured, the addition of lijad 
oxide must be mad(‘ with jj^n'at care, liecaiise many pi^unents 
will not d('\eloj) their colour in [u*esence of this substance. In 
such event it is easy to increas«* tin' fusibility of the proiluct 
by the aid of borax. 
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The etiect of uia^niesia is to reiid(‘r the emuoel more rendily 
distributable over the surface to which it is aj)plie(l, an<l the 
use of this substauc(! is tln‘refor«‘ partleularlv atU isable when, 
prefKiriiii^ enauu'ls desinsl to distriluitr uruf()nnl\ on smalt 
articles. • 

A V(‘rv important point in the j)n‘j».nMtion of alt I'liaimds 
is the so-e;ilh'd (hyolnr.it ion l»y imMiis of oxhIisihl; Ixxlies, 
added in order to {*on\t‘it JVrioiis oxide into lerne o\i(h'. and 
thereby diminish jlie ]>ii;nient.n\ ]>o\\ei- exeited by the 
former It is e\i(hmt th.it the sol,* (.Iij.m^ ae(N*mj)lished by 
this treatnnmt is the production of enamels with a \ellow 
tin;4(‘, but not perfectly cotoUl less, the sol.' means o| .‘tleetin;^ 
this latter 'le^'ideiMtum bein;,^ the use of p.‘rlectl\ pure and 
thend'ore costly, r.iw matfii.als 

TIku’i* is. howe\er, ,i simple means wdim-elw en.imel m.assi's 
from somewhat impure m.iteii.ils can 4»c obt. lined of a tim' 
white colour, and this is b\ the .additem ot \eiy vniall .juaiiti- 
ties of fine sm.ilt to th<‘ m.iss Lik.* .ill cobalt pi eparataons, 
smalt is c.ifiable of impartin;.; .i deep him* colour to ;,dasM, 
but the slhide in this ease is complement. ir\ to the yellow 
tin^ti piv) luce<l by feme oxide, and therefon* the one coun- 
teracts the (jther. the result hem;; to leave tie* enameT ipiite 
whitx 

Of course this mutual liest ruetion of colour only occurs 
when the ri;<ht j)roportion ot the two pi^^inentary bodies is hit 
upon, for if an insutlieient amount of smalt lie taken, the 
yellow' from the iron is only weakened and still remains 
apparent, whilst) an excess of .smalt impart"' a bluish (milk- 
wliite) tinge to the ma.ss 

TJie ex{)en.se of decoh)rising enamels in this way is a 
negligible’ factor — a minute ijuantiky of smalt sufficing for a 
large batch of enamel mass Ail that is necess^irv is t<j 
accurately determine, by several tentative exiieriments, how 
much smalt is actuafly re.piired to jmsluce the desired «‘Hect. 
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^rhe colour of the cobalt pigments being unaffected by tem- 
perature, decolorising by smalt can be practised with the 
,most refractory enamels, and is an operation that should 
hever be omitted, beauty of appearance increasing the com- 
mercial value even of enamels for purely technical purposes. 



XVI. 

COMPOSITION OF M.VSSl'.S FOR OROUNl) ENAMELS. 

« 

Tho^n’onnd eiianicls arc tliosc intiMuicd l?>r dina't apj^licAtion 
to metallic surfaces and, when a[)|)licd and licatiMl. must as- 
sume a state of si'tiii-fusion (frit), so as to form a hackin;; or 
foundation for the cover cnanii'l 

The followin^^ recipes may hi* advanta^o*ously followed in 
preparin^^ such ^u'onnd enamel 

Very Refnictonj (iroioul IRuirnrl Mdss S<> 1 

Fused I Quciudifd and ground Hint H() parts, 

togetlier j Horax * -- 

To tlie fused mass is added, dunn^^ l.,^rindm^^ ahout2r> to 40 
[>er cent, of Hint me.il <ind an eijual quantity oi whit4* clay, 
the fusibility v.iryiii^^ in indirect proportion to the content 
of the material in these two substances (iround felMpiar may 
be employed to replaci* the added ilint meal. 

Very Refracteny d/asx So 2 

Flint meal • 

Borax ” 

White lead • . , a6 „ 

fused and ground alon*.,^ witli - 

Flint meal 

Clay * . • .... . . 2()U)25 „ 

Magnesia . . . • .'i to 0 ,, 

• Crystallised ix^rax lontaiuing 47 I per < ent. of water When dehydrated 
borax is used, the quantity must he correspondingh reduced 
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Owing to the presence of magnesia this mass is more 
refractory than No. 1, but is superior to the latter in many 
ways, l)eing much easier to apply, and adhering strongly 
to the superior-impose<l cover enamel. 


Hefrtictory Mass No. 1. 

F'lint rrifjal 

50 parts. 

Borax . . 

30 „ 

fused together ami ground along with — 

Silica . . ... 

13 „ 

(vlay . . . . 

13 „ 

Urfiartioy Mass No 2. 

P’lint, infill 

rg) parts. 

Borax 

30 

fused together anil grdund with — 

Silica . . .... 

15 „ 

Clay . . ... 

13 „ 

MagiK'jna ... . . . . 

1 part. 

FiisihU'. Mass No. 1. 

Fliiil meal 

:30 parts. 

Borax 

25 „ 

FoNpar 

30 „ 

fused together and ground with — 

Clav 

. „ 

Felspar 

. (3-00 „ 

Magnesia 

. 1-25 „ 

Fusible Mass No. 2. 


Flint meal 

. 30 parts. 

Borax 

18 „ 

White Lbad 

3 „ 


fused together and gi-ound witli — 
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Fhnt meal 
Clay . 
Chall^ 
Magnesia 


parts. 
S 26 

2-00 .. 
()‘1)0 „ 


Felspar- Lead -Oxide ^f(lss af Medium Fusiliiiitp. 


Flint meal* 
Felspar 
Soda * 
White Lead 
Borax 


parts. 

do 

12 ,, 

■1 

16 .. 


fused together and ground with 


Felspar 

Clay 

Magnesia 


T) 26 
1 1 76 
0 76 jiart 


GioumI Md'^s lor hou (densfis, So 1. 


Flint meal . . .... <0 parts. 

Borax . 0> 6 ,, 

White lead ' " 


fused togidhei and ground witli — 

Flint meal 
Cla\ . 

Magnesia . 

Ground Mas% for Iron Ttensds, No. 2 



B’lint meal .... 

Felspar . . • .. .. 

Borax . . * . • • • 

• 

fused together and ground witli 

Clay . . ’ * • 

Felspar , . . • • ■ 

Magnesia . . • • * ' 

• 

• Anhydrouu soda. 


.'K) parts. 
30 „ 

25 „ 


. 10-75 
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Ground Mass with Magnesium Sulphate, No. 1 {for Iron 


Utensils). 

Flint moal 20 parts. 

Horax 0 ,, 

I^otasli part. 

Magnesia (3 parts. 

Magiiosmm sulphate ' 2 ,, 

fused together and ground with — 

« 

Clay . 2 


Ground Mass with Magnesium Sulphate, No. 2 (for Iron Utensils). 


30 parts. 

Boiax . . 10 

Magnesia 

Magnesium sulphate 2-25 

„ 


fused ami ^jrouml with — 

Flint ini'al . . .IS por eont. of weight of mass taken. 

" • .IS 


The fnre^n)iii<^r reeipe.s an^ used in tho largest works and 
Huffic(‘ perfectly for all purjKiso.s in the onamellin^r of cooking 
utensils, hoiler luhes, eta' [n order, however, to afford makers 
a mi'ans of rectifying certain ini[)erfections manifested by 
enaiiuds a liriei notici* of tlie.se ;imj their reiiie<liys will now 
ho gi\en 

1 (Iround ma.s.s readily chips off from the foundation. 
Remedy: Add magnesium sulphate 

2. Mass difhculf to distribute on the ihetal and holds 
badly. Remedy Add a litth‘ magm\sia, exces-s being avoided 
as it make.s the enamel too refractory. . 

d. Mass too hard. 7 k’w<///. Add a little 'lead oxide or 
potash: oi', In'tter still, both. 

4. Mass too tusihh' Remedy. Increase proportion of clay 
and flint meal when grinding the fused mass. 
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Percenta^je Composition of Certain Ground Masses. 


(Analysed l)y Vo^elsaii^ ) 
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component.s (silica, l)()i'aK. alk.ili«‘^, 1 <m< 1 oxi.lr aid lime) vary 
only between narrow limiK, whereas tlit' subsianct's actin;; as 
covering' ii.iit.Tial, ,'7., cl.iy .111,1 m.i-ii.'su, nu}' lliir.tuiite 
considerably. 

Whijii line lia.'i .1 C'l'laiii ;,'iMun'l ciiani,-! nmsH, 

the .Ham,; HlimiM I.,- a,llii;iv,l t,i an,! a,ia|,t,.,l, ,m Hi,; nisiilta of 
e«perim,Mit, h,. as t„ iii,;,-t th,' ,'ii,l 111 vi,.u- ’I’liiH cMirHis i.h 
better than ciiitiinmlly liyui;,^ l'i',nii "n,. iiiasH t,> anotlmr, 
which involves a j^reatiT waste <>1 inn,, ainl l.ihoin th.in an 
consuiinsl in working on .^11,1 nio,lii\ii.e ,, sinoie o, -011,1,1 iiiaHH 
until it acquires the te's ,iesii,;,l 



XVII. 

COMPOSITION OP COVER ENAMELS. 

C}i(‘riii(“;illy coxor (‘naiiK'k arc ^Hassc's made trans- 

luc(;iil or even opaque Ity the addition of tin oxide or 

other white o[)a(|Ue hodn‘s. Since a ])rinci{)al reqiiirenieiit 
exacted of these enamels is that they must l)e readily fusilile 
and distribute umtormlyo\ei the^^oound enaiix*! wdnm melted, 
the comjKtsit Ktii must be i e^rjiOt,.,! s(i us to enable tht'st* con- 
ditions to be fultilled , 

l^’oi- special leasons it is, howevei, impoitant to kei'p their 
Iluidity within eeitain bounds, since if a cover enamel l»e 
fused 111 a crucible, atel, ,iftei continuetl heatln;^^ bdd tore-cool 
a peculiar lesult will be notu-eable. n: that while the mass 
at tlm bottom of the crucible is still pure wdiite the inteiisitv 
of the colour diminishes towaids the top, tie* upper layers 
iiavino the appeaiance of faintly turbid ;^r|ass and beino un- 
suitabh' for use as enamel 

The cause oi this is not lar to seek, iiein;,^ due to the hi^^h 
specific ;,oa\ity of tht‘ tin oxide, wdiicli tlierefore settles dow'ii 
to tlu‘ bottom of till' liquid mass and h'aves the iqiper pirtion 
almost tree, t 'onsequeiil ly , if tlic enamel is too fluid, it wdll 
not yield a homo;^mni‘ous product, whetlu'r the opaque material 
emjiloyed In* tin oxidi' or tlie clieaper h‘ad oxidi* often used 
in })lace ol the former 

In this connection Ihuu' ash acts in a very fa\ourable 
manner, as, by reason ot its hiw s|H‘cific ^n-avity, it does not 
settle down even in extremelv fluid t'naniela, and is also chean 

• (1-2.S, P 
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Only, wlien hoiii' asli is us<mI, it lua-onu's , in order to 

ol)tain a pnr(‘ white enannd, to add to th(‘ nia^s a littK' s dtjx^tre 
for the purpose of oxi<lisin;^ th(‘ earlK)n presieit, which is tlu^ ^ 
cause of tin' ;^rey colour of the ash l.ead ovidc fm- producing 
opacity in enamels is ri^dttly m)ini4 more an<l moit* (»ut of use, 
for thou;j^h, ydu'ii add<‘d to tlu^ I'uM'd and ri* jj^round mass for 
fusible cover enamels h^ad ()\id(‘ can h\ eai-el'ul tirin;; lx* pre- 
served in an unfused and uncomhmed condition and therefore 
causes tlie mass to^appear wliite, tlie c<il(tin is always tin;,md 
with yellow from the oxide and is ne\ri*pure white unlesH 
an additi<tn of smalt he m<ide, wdin'li i;reatl\ eontrihutes to 
the compi'iisat ion of the colour MoreoMT. the usr ot h*ad 
is inailvisahh' in enamels tor technical purposes, tht* main 
object in wdiieh case is to oht.ini a pr(Hluct capable ol with- 
standing^ elu'inicals. whereas a simpl<‘ «\p<‘iimetit will show 
lunr easily en.imels (‘ontaimni; lead oxiJ'- <Mn be coiiotlisl by 
such a^nmeies 

dims if an e]^^ b<* IxMteii up in a vfssd lineil with a cover 
enaimd containini; lead oxide, and iett to stand in it loi‘ a 
<lay a brownish-black st.iin ol k-ad siilj)}iid'' will be tound at 
the pla(‘e wdiere tie- l,,is cone- into eontael with the 

enamel, tie- sin. ill tpiantit\ ol sulplmi i-l tod h\dioj^i‘ii liberated 
from the eij’o bellio c.lp.lblo < >1 liiodllNin^ til'- load oXldo m the 
manner desenbod Ao.iin wb' H woak \iie'o,ii is boiled in 
a similar!) enamolle<l vos^,.] toi a ^hoit lime, tie- enamel will 
lose its lustre and boconio ri.u^h, wink .m approciable amount, 
of lead will bo detecletl m sulutioii 111 \iiio;rar 

Conseijueiitly as load is a ^ or\' poisonous metal, hiiyer.s ot 
efiamelled utiyisils are perfoctly justilied in lefusin;; ware 
coatc)! with lead <)\ide oieimel-' i^ess objection a[»plies to tie; 
presence of lead silicate as a constituent of tlie vitreous matter 
of the cover enamel, k-ad oxide beiri;: less rva.lily, dissolved 
out of this combination 

It must thei'ofoi^' la* re;,(arded as a weleunie advanco in the 
'.I 
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enamel industry that makers are for the most part discardin^r 
the use of lead oxide i)oth for j^round and cover enamels. The 
jWare, tliou^^di perhaps less handsome in appearance, is more 
kiditi'erent to the action of chemicals, and even weak acids 
can be boiled in vessels coated with leadless (‘iiamels without 
eHectin^^ much corrosion. 

With Hi^ard to th(‘ smcltin;^ of the mass for cov(;r enam(d, 
this has bccai sulHcitmtly discussed when tn^atine of the same 
operation in connection with ;ji‘ound enapiel, tin', only dittei'- 
enc<j bihn;; that the* forima- i-e(juire to b(‘ rt‘-m(‘lted more often 
in ord(!r to ;((‘t rid of all air bubbles. The rules already 
lor corn'ctin^^ delects also apply in the cast* of cover tmamols. 
and may be amplifietl by the followin^r;— 

Jf the mass when soliditietl is not ))urt‘ white hut looks 
turbid ,ind milk}', whilst it is so lar traiisparent that black 
pencil lint's can be srt n as ;ri t‘y strt'aks when viewed throu^^di 
a thin layei’ t>f tin* t'uamel, tin* ctmtent t)f covering material is 
insuflicit'iit and a sm.ill ((uanlity t)f tin oxidt' or ht)ne ash 
must ht! added to (lit* pulverised mass befort* rt*-mt‘ltin}.,^ 

When the enamel is tleticient in lusti'e, it may be I'ectifit'd 
by substitulin;,^ soda Ibr part t>f the borax. 

If Ihe enamel “crazes,” t)r becomes intersected with in- 
numtu-ablt* tine cracks sljortly after lirine on tin* iiu'tal, it 
evitlently t;ontracts tt)t» much tm co^)llnJ.,^ Remedy: Increase 
the proportit)n t)f ammonium carbonatt* rin* rt'ason why this 
very volatile salt intlut‘nct*s tin* tlurability of i*namel is 
unknown. It is, ht>wever, cerUin that it |)revents crazin^^ 
anti, consetpu'utly, ammonium carbonate is a substance em- 
ployetl in all enamel wt)rks. 

Slioultl the ct>vt*r enamel fail to atlliere prt)pt*rly to tin; 
j^rtmntl layer an adtlititm of ma^mt*sium sulpl'att* v’ill atibrd 
a remedy. 

E.xcessive tiuitlity, ami the consetpient insutticient cohesion 
of the mass, ain be correctetl by tin* aid of ma^mesia. 
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The recipes for cover enamels are far more immerons than 
those for trround masses. The manner in which the fonimlje 
should be'niodified depends in either Ciise on tht‘ pur|>i)s(‘ foi- 
which the product is inttmded. 



Flint meal 
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Plumbiferons Cover Enamel No 2 . 


Flint meal 88 parts. 

Borax . 5 () „ 

Tin oxide . 55 „ 

Wliito loo^l . 15 

Soda . 25 „ 

Arnrnormim rarl) mate 15 

Saltpotre ' 22-5 

MaKriosia 12-5 


fuHod and ^rpound wit^i 12 to 20 parts of Hint meal 

according to tluj de;^ro(i of fasyi)ility reipiiVed. 


Felspar Corrr Masses 



I 

II 

III. 

I\. 

\ 

\l 

Ml. 

VIIl 

Felspar 

10 

27 

40 

’M) 

20 

10 

87-5 

40 

Borax 

11 

28 

28 

20 

20 

85 

40 

35 

Tin oxide 

15 

20 

8 

U 

18 

20 

25 

20 

SaUpotro 

f> 


1 5 

5 

1 5 

11 

15 

8 

Amraoniiiin ('arhonato . 

0 

\ 



.. 

_ 

_ 



Magnesium 'lUlphati' 


0 









Magnesia 

- 

H 


5 

- 

7 5 

7-5 

5 

(’lay 


2 



— 

.5 

10 



Soda 



10 

7 

12 

IS 

20 

18 

Flint iiioal 


10 



15 

10 

25 




Th(‘ foi’i'^^oin;^^ t'Lsjiatlm; cover enaiiu'ls exhiliit the advan- 
ta^ji'^of lieino fre(‘ from any insainhrious materials and of 
l)ein;,r ivady for nse, without any fnrth('r addition when 
{ground Should any of tliem provt' too i-efraetory, this defect 
can easily Ih‘ rmnedied hy addin^■ a'little borax in tin* ^oandimr. 
Wlnm any otlu'r inconvenience is exjierienced tlu* meann 
already specified will hi' found suitable to cornet tlu^ pro- 
perties of the mass in the direction desired 

Cover dhi.N'.sns' coutainnia (ila\s ajid J\)icclain 
Formerly litth' «lisposition was evinced in the lirection of 
usin^r ground jHircelain or ^dass in com jxni ml in^r cover enamels, 
the proilucts usually bein^^ insuHicieiitly adherent or “too 
lK)or’'. Howevt'r, since the discovery that the projK*rtit^s of 
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enamel could be moditied by adding other materials in ^odud- 
in^ or re-melting the mass, ^lass and |K)rcelain have attained 
connidertlble value as adjuncts, porcelain, in particidar, boin;^ , 
highly pri/.ed on account of its ri‘sistano(‘ to chienical agenci(‘s* 
A few r(‘cip<‘s foi- masses containing Lrround porc(‘lain and 
^lass ai'c given below. 

('over Masses i‘on(iUfiinii 07 as,s ot Porcelain 



Silirn 

gill''" 

H<mi\ 

Tin oxulf 
Wlut.- lea.l 

S<j(1h 
Sallpi’trr 
Magnc'-ia 
Flint nu*al 

jrround with — 


Jo purls 

‘je 

Jl 

10 

-! 

l<» .. 


Tin oxnli' 
Soda 

Magiifsiii 


t 

1 (lart, 
1 
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other reci}>eH, with a variety of combinations, are known, 
a biw of which, furnishin^^ really ^ood results, are subjoined :~ 



ill i\ 

» 

V * 

\ 1. 

VII 

•Flint meal 

20 26 

IH 

22 

20 

Glass . 

20 26 

IH 

22 

20 

Porcelain . 




_ 


Horax . 

22-5 40 

. 26 

dO-5 

26 

Tin oxule 

20 20 

lO-.') 

22 

20 

Soda . 

5 • 

_ 

d-,") 

2 

Potash 






White lead 

^ 

_ 

_ 

_ 

Saltpetre . 

10 11-5 

0 

10-5 

10 

Chalk 

_ 

__ 


5 

Lead oxide 

') — 




Magnesia 

O 7 ’5 

5 -5 

5 

5 

Clay . 

4 

2-0 

- 

_ 

The followin^^ additions an* 

made in ^o'imlin^^ 





1' v.mkivi mi 


Flint meal 

16 per c^ul.t 

18 per cent 

LH per cent, ;!-5 parts. 

Horax 

0 

,, 

0 




d-5 „ 

Mugnesta 

f) 


6-25 

,, 

1-8 

„ 

0-8 part. 

Horic acid 

__ 


1-5 





Soda . 



_ 


1-0 


0-8 

Porcelain 

— 


- 


“ 


8-5 parts. 




Mil 

IX 

X 


\II. XIII 

Flint meal . 



25 

25 





Glas.s . 



25 

25 

11 

10-5 



Poicelain 



— 


11 

0 

87*5 87-5 

Borax 



8:P5 

:i4 

18 

i:L5 

20-5 22-5 

Tin oxide 



20-25 

25 1 

12 

9 

20 22-5 

Soda . 



2-5 

4 


— 

7-5 10 

Potasli 




_ 

__ 





Will to lead 



— 

_ 

_ 





Saltpetre 



12-5 

12-5 

s 

4-5 

7-5 10 

Chalk 



6-25 

6-25 

__ 




Lead oxide 



— 

— 

_ 


_ „ . 

Magnesium 

sulphate 


— 

— 

— 

1-5 

5 15 

Magnesia 



6-25 

6-25 

4 

H 

12-5 12-5 

Clay 





— 


— * _ 

Aminoninm carlionate 



- 

— 

1-5 

- 5 


•These are particularly suitable for euaruelhug cooking uten>'ilh. 
+ Per 100 parts of fused mass taken. * 
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Additions on ^rindin^^ 

- 




T<* 

Mil 1\ 

X XI 

XII 

\ii 

Flint meiK 

i T) ID 

:i-s an 

:ii 

1:m> ^ 

Porcelain . 

1 :> ID 

_ 

_ 


Borax 

1 5 10 ; 



* 

Soda 

0-0 

1 :> 

— 


Magnesia 

•j :> i 

i 

r, 


Aminonmin caflxmiUc 

1 


4 


Tin oxide 


Ill 

17 r> 

!) 75 

The foreofoinir n‘ci])es \\ 

fll siithee 

foi (‘\ery p< 

issihle 

case. 


To modify aii}' current formula for ;i sp^'cinl j)»ir}>os(' is in 
most wises imundy ;i m;itt«'r of chaui^ou;^^ tlie projtortioiis of 
one or otlicr of tlu‘ ini^o*edient'', l>eariu:^^ in mind tin* following 
considerations ; — 

1 . Re(]uein^^ the amount of horax <leer(‘ases the fusibility 
of tlu‘ (‘nanu ‘1 and i irr vn sd 

2 . Jnereasin^^ the proportion of hoi^ix lowers the })owct of 
resistin^^ (‘oi’rosion 

.S. An addition to the percenta^^e (»f tin oxide inert'ascH 
tlie opacity and whiteness of the mass, hut diminishes its 
durahility. 

4 . Th(‘ use of lead oxi<le ;^o-eatly incn-ases the corrosihility 
of the miamel, and for thisnsison plumhiferous enamels^should 
never Is.* employed foi' eookin;,^ utensils 

5 . White lead or pohisli softens the mass, whilst soda 
hei^litcns its lustre. * 

Tli(! most im|s)rtant technical use hu' enamels is tor tlie 
coatin;," of cookin^^ utensils and ln)iler tulx's , in both cases 
less stress is h)id on refractory charact<‘r than on hardness-- 
4 tnd, for cookin^^ utensils, lustre (y))nse(piently, lar^e addi- 
tions of lead preparations are generally avoicied, nor is a 
certain limit ,(‘xceede<l tor tin oxide, even thoUj.^h the colour 
comes out somewhat translucent instead ot pun^ white like 

I 

porcelain. 

Altiiouj^h lxm« aslj is [)rocurahle at very low rates this 
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material does not, as yet, occupy tlie position it deserves in 
the enamel industry—tho chief reason for which is apparently 
^ that, even when used in lar^e ((uantity, it never produces so 
wliite an e?iaiiiel as tin oxid(j, tla? colour havin^^ always a 
l)luiHh-|^0‘(;y tin^e 



will 


PHKPARiNd 'rin: \i;ti(’L1'> pop i;\ vmi'.llinc;. 

Enainollof! artich's foi trclmical ]nii s cniisi''! citlK-r ti) 
iron wai’(‘ or wioui^ht non) or, Ir^s 1 |■»‘(|Ul‘nt 1 \ . ol (‘()|»j)(‘r 
or ln’ass utensils , aicl in i>itl* i to eiiaMe the ^noniel enamel to 
adhon* to tlit* iiu'tal and |i)e\eiit it <*ln]>}ini;; ofl, the lattm* 
has to he jirep.iretl ludoiehand h\ a special tiealineiit 

Tills is a ver\ im]toit<nil matter, smcr it the opi'ialion is 
not oarid’ullv pert’oime<l, e\eii the hyst-made enamel may 
cliip oil* in a \ er\ shoit tinn ( 'oppei ai t ieles ai e mui'h easier 
to prepaiv' than (hose made of iron, and it i> ih \'I nee<‘ssarv 
lor the first -named metal to he made peilectly hri;j^hl hy 
dippin;^^ in .i piekhiin hath (dilute acid), smcv the .•iianiel can 
he apjilie.l direct, jinoided the ailndes .ne not eirasy on the 

surface 

d’hi* jieculiai hi o\\ ink'll- I'd (oluiii ^enci ,dly e\hihited hy 
copper waie IS dm* to a thin la\.i ol < uproiis oxide, and 
•when enamel is his.*.! ..fi -neh a sin I'a. e n adheres stimioly 
t/hei e on co^ilino I'hi'' m owiim to tie- h<ha\ loui ol tl e atad 
suhstances (hone a<'id and -ilici) m tie- . nutnel mass, tln^se 
l>eino in suflicit-nt .piantity to eoinhiiie with a eertani amount, 
^)f oxides (.njnsin;:. s,, that when enamel i. midted on an 
uncleaned sllHace nt .opp-l tie- cupious MXide is diss.iKed hy 
the mass, w hu'h then adlnaes firndy to the metal 

If a piece of coppei. cn\ei.-d toi* iiistaiiee ^with while 
enamel, he examimsi h\ scrapnio oM’ the .‘naniel layer, it will 
f)e found that tin* stratum m-aiest tin* nn tal is ol a ^rreenish 
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or reddish colour, diui to the dissolviuj; of th(‘ layer of oxide 
at th<i surface of the metal. If this oxide layer contained^ 
^much cupi’ic oxich*, tlie adjacent enamel will appear bluish- 
/ip[’(!en, whilst if chitdly cuprous oxide the colour will be of a 
reddish cast In order to obtain ic pure white coatinj^ of 
(‘iianiel un<h*i‘ thes(‘ circumstances, the cover CJianiel must 
contain sulHcieiit tin oxide to com[)ietely mask the ^o’ound 
layer; oth(;rwise tlm colour of tin* latb'r will show through 
and allect, the shade of tin; sup(‘i-ior lay(M\ Thus, eopp(‘r can 
be (‘uamelled without ha\in;( Imssi piekhsl, provided the 
exjM'use of pj’eparin<^r such a cov(*r enam<‘l is not considensl 
too hi^di 

The conditions are, however, totally dittenmt when the 
enaimdliii;^^ of iron is in (piestion, sinct* that metal is mwer 
chemically pure but is always combined with othei’ substanc(‘s. 
For instiince, cast ir(ei may be re^nirded as iron containing 
variabh' (juantitif's of iron carbide, iron silicate, etc,, in solu- 
tion, and also embedded crystals of carbon (;,o‘aphit(‘) In cast 
iron also tin* ouL'i' layi'r or ‘castin^^ skin” must bt‘ dis- 
tin^oiishetl from th(‘ inner substanc<' of the iiK'tal, exhibiting 
the alK)ve-named chai-acter. This outer skin consists of ferric 
oxide,' and of j)arti(d(‘s of carbon derive<l from the mould in 
wliich the UK'tal was cast thest' mouhls bein;^^ dusted over 
insid(‘ with charcoal powder, before usi*. Small crystals of 
;(raphit(' also separate out in tlu' extt'rnal layer of the iron 
durin^^ coolin;^: 

Experience shows that only certain kinds of iron can be 
enamelled with ('as(‘, this pio]>erty de])»‘ndin^^ on the method 
pui'sued in makin^^ the ca.st iron. lM)r example, iron that is 
drawn otV from the l>last furnace wliilst still in an (‘xtrepiely 
hot (moltiMi) condition, cools rapid!}' in the moulds and then 
forms the so-adled “white” iron, which is distin^^uished by 
its steol-^n'y colour, i,u’eat hanlness, and by containing, in a 
very tinely-divided state, all the carbon ori^nally di.ssolvcsl in 
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the uictMl On iron of this kind (‘nanuds liold with jjjToat 
tenacity, and ther.d'on^ it was fonn.‘rly tie' practici* to sOect 
articles»mad«‘ troni this iron, or at Irast exhiliitinj^ a “ white 
iron ” surfac(\ for enann'llin^^ 

If, on the otlier hand, the iron is not pai tinilarl v hot 
when it leaves tiie blast lurnaee, and is cook'd down oradnally 
in th(‘ nionlds, a consi<h'rabh' jxirtion of tin* tlissols cd carlHin 
crystallises out on the surlae<‘ in tlie lorni ot i^o'aplule, and 
such ironjs ilitlicuft to t'lianiel 

Certain objections, however, (‘xist ai^auist tin* use of whit(‘ 
iron for utensils, ciiielly on acc(Mint of tlie extreme liardne.ss 
and liritthuiess of this form of tin* nn*tal, in (‘ons('(jU(‘nce 
ol which they are very easily cracked or broken uinler the 
iiitliK'iice of shock It therebuT br(*<nms m*c('ssaiy to inaki* 
such utensils of ir<ui th.it t'xhibits int('i mediate properticH 
betw(‘i*n the white* and ;^ni*\ kinds, ,iy object attainabh* by 
special jirecautions duiin;^^ (Mstin;^^ tin* iron run, at a 

mo(lerat(* in'at. into perf(*etly ('old moulds, theelftct of wliich 
is to cool tin* surface* of tin* iin*t;il very «)uickly so that this 
layer a.sMumes tin* iorm of “whit«*” iron, whilst tin* internal 
niass cools down mort* ;^radu;illy into tin* comhtion (d' “ ^ox'y ’’ 
iron. • 

The diH'eren(*c ma\ lx* noti(*ed on exandinno urnhir a 
inaj^nifyin^ ola.ss a hioken pi<*ce of some utensil (hat has 
been pr<^lu(^(*d by (‘astin;.^^ in (In* abo\e-named manm*r 

FjX|x‘ri(*nc(* lots show'n (h.at iron produced by smeltino with 
coke* is less suitabh^ for enamellin;,^ than wln*n w'o<xl cliarcoal 
has been usexC In vit*w of tin* im)K»rtam!e of this mattijr tln^ 
^nanufacturey of enamelh*d iron ware slnmld then*fore always 
end^*avour to procure tin* utensils In* has to (*namel Iroin inm- 
founderf^ win* employ iron j>ossessin;j the alK>\ (Miniutioned 
(jualities. 

Apart from tin* projx*rties of the iron used, tin* modii oi 
casting tin* w'an;* is aCo ot imjiortance. Phe walls of tin* 
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utciiHilH h}u)\i 1(1 bo thin and of as uniform thickness as is 
possibh; ; and the vvan^ should be carefully examine<l, all , 
^pieces «*xhibitin^^ airbubl)les, pitting, Haws, etc., be injr Rejected 
unsuitable. 

H<!foi'«3 eoinmeneiii;^ to eiianud tke ^^oods they must be 
Hu))j((ct«‘d to a couj-se of mechanical preparation^ all projec- 
tions (f)-om the joints (d’ tin* inouhls, (dc.) bein^^ removed by 
means of a shar[) (ih; so as to leave a ptu-b'ctly smooth and 
unifoi'in suj-fac(‘ 

(d,K\MS(; Till-; Si ukvck of tiik Wake. 

Artieh's with a surface of white iron can be enanudled at 
once aft(‘r th<‘ fore^oinn- iiK-ehanical preparation- -all that is 
necessary b(‘in;( to seoui' tie* surface of the metal over with 
sharp sandstone or pumice until perfect!) bri^dit If not 
enanielhsl inimediatel,;. , the\’ must 1 m‘ stoi*('d awa\’ from 
contact with dusi ni’ moisture; but, as iron of such perlect 
(juality is rarel\' eneounlere<l, and as all other kinds require* 
chemical treatment )»efore the\’ are tit foi- the enamelh'r it is 
usual to make no exception and to treat all artiides in the 
same way, vr , by piekliny 


I’K'Kl.lNO 

'This operation consists in dijipiny^ the yoods in a li([uid 
capabh' of dissolvine awa\' any superficial la\er of oxide and 
l(*avin;j; a piu-fcctly hi-ieht surfac'c of imdal 

At pH'scnt tht‘ ohh'i- Ibrms of picklini^ mattuial (vine<^ar, 
steeped barley ^rits. (Uc ) are \<‘ry rarely employed, havinjr 
been almost entirely supciNeded by sul})hurie acid 
already numtioiusl, the usual str(*n;:tli o) acid pickle is 1 ,|)art 
of commmcial sulpliuric acj<l to 20 to 22 parts- of ^\"litcr. the 
time of ijiimersiou dcjicndiu;; on the str(‘n;,dli of pickle 
adopted. Thus, if tlic (‘xposure is not to be more than ten or 
twtdve hours, a st romper, moderately concc‘litnite<l, acid must 
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Ihj uh«h 1, but for slowtu* workiji^ ^ wcakt'r pickk' is lunployod. 
As a rule the wan? should not is‘iiiaui r ilian t waud y-four 
hours iw pick hi ^ 

Wlu'u tlic pickliu;; litjUor has hrcii tm a loiii; liim* ni iU(‘ 
and has taki'U up a i’i‘lativ('l\ Kni;.- amount ot ii-im into 
solution, tin* rusult ol hsiviim thr i^omU hto loiijLi ni the hath 
is tluit tlu' li(juor forms, m pirsriu-*- ot tin* non. cortain in- 
soluble basic salts whirh a'lhmr lirml\ as a jmwdi'r, 

to till* metal and^ dolVat till' plorrss Such 

“ ovtU'-picklcd ’ floods must hi* scoui«-d ai^ain with sharp sand 
and pickled afresj^ 

Tin* picklin;^^ \ats are m'm‘iall\ made ot haiif wood, btit 

as they an* soon eonodcil and spoiled b\ tin* aeid it brcoines 

ad\'isal)le to \arnish tlmm o\fi nisidi* and tin rt'by protect the 

W'ood from contact with tin* acid Inpioi 

'Idle hi;4'hi'r tin tcinp' iatuic ot tin* pickle the more rapid 
its action. eonscjuriitU lie* watm us.-d is ^mici ill\ warmed 
to do to to (' and ihf pn kliim lonni is k* pt warm to 
pi’cNcnt the t em]»ci .0 111 c ot lli( Inpioi tiom tailing ddn^ 
scouritn' loom tor cic.unim tin* pici\lc(l watc should be 
situated in‘\t tlic pieklnm loom and s|ioucl contain a nnsin;^ 
vessel and a boil.-r ^o as to pio\id< a (onsi.inl supply of hot 
WMter 

When sutflclciltl \ pickled, tlie lit. llslls aie lakeU ollt of lllC 
bath, rinsed in cold wmIci ami tuine.l o\ei to the scourei\ wdio 
scrubs them osn with tim- ^hai p s.tn.l ipreteiably (piartz 
sand) until the surla<-< to be eiiamellrd is j.ei led 1 ^ bri^rht In 
lar"-e w’orks, simple nn clianical aj»plianc< s wdnch pei form the 
• bulk of the^w'oik of scoiinuL:, in a \ery shoit tame, may Im* 
advantao’efiusl \ i.soitcil to, tin* tinal stages beni<^ alw'ays done, 
by haml lab^mi 'Idn* m-xt step m to rinse thi* m.ods, in order 
to iemo\e e\er\ |>aiticieoi adiiej.iil sand, ,itfcr which tliey 
are dried in a special manini, namely b\ dijipin;; them in 
hot water tor a*lew seconds and tln-ii exposing them to the 
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air, whereupon the thin stratum of (nearly l)oilin^) water is 
imine(liat(;ly evajKmited hy the heat of the metal. 

^ When <lry, the ^oods are* (juite ready for enamelling, and 
sliould, preferably, be hand<‘d over at once to tin* workman 
entrusted with that task. If this is inconvenient tlu'y must 
be stored out of contact with dust. Att<‘mpts have lujen mad(i 
to store the pickle.d and rinsed wai'e und(‘i' water, but wlu'ii 
well wat<‘r is used it is fouml that the l)rigbt surface very soon 
tarnishes and becomes covei’iMl with a yellow scMlinuait. This 
is du(* to th(‘ pr(*sen(; *, in well water, of carbon dioxide, which 
coriMxh^s iron , the fi-ee oxyireii, also invariably pi’cscnt, con- 
V(;rtH the dissdived ferrous (»\ide into ferric oxid(‘, which is 
th<'reU))on deposited as lirmly adherent Mist— \t‘iy ditiicult to 
remove. 

The b(‘st plan to adojit. in all instanc(*s is to arrange the 
various opi'i’ations in *Mn‘ woiks, so that tin* goods when 
pickhsi and dri(‘d can be imnn'diati'ly hainled o\cr to 
tin* eiiaiiiellers 



Xl\, 

MM’I.YINC 

TIk' vvoi'k of onaiMi'llm^^ is .il\\:i\s dividVil iiilo lour 
t ioiis, iiariu'K. -iliplyin;^^ tin- I \vo coat iiii^^s oi (^^i'duihI and (’ova-r) 
(Uiaiiiel and tiriii;^ tli(‘ saiM<‘ hi llicinsch cs thcsf tasks ari' 
all very siiuplo and apparently easy to <’arr\ out In rc'ality. 
]i()\V(‘\a*r. tliuir performaiKs* re(|utres the aid ol skilhsl and 
exp(*rien(‘ed woi’kiiien , otherwisi* a lar;^e j>ei’eentae'e ol de- 
IVdive pieces will 1><- pio«luced dilli<»ult undi'r the niost 
favourahle cireuiustane<-s. to work U]> afterwaids into ware 
of ^rood appearance 

Vl'IM,M\«. I HI (IlU)l NO lOwNti.t, 

'Pile luassi-s for ;^oound enamel aie ;4eiM‘ialiy stored ilamp, 
when ;^a-oun(h and in this c(tndition usuailv ha\e the c'disist- 
eiicy of thick honey or sometimes that of soft (’ln;»;se 

To impart the necessity lluidit\ to tin? mass a portion iu 
taken up in a ladle ol enamelle<l iron, out of the storaj^i* 
ve■^.sol, and |)oured into a pan where it is reduce(h hy tin* 
aiidition of waiter, to a thick cream winch must Ix^ stirre<] 
^itil jR^rfectly lioiBo^mneous ami free from lumps or excessive 
thinness in prices. Tin* best way to attain this end is hy 
adding the waiter in small <juantities and stirrin^r it in con- 
tinuously 

The waire to l>e enamelled is Inaited in a ilr^ iu^ ovon to 
about 40“ C, so tljat the pieeirs can still h<; handled without 
(ITi; 
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inconvenience ; tins warrain^-up is necessary to facilitate the 
adhesion oF the enamel riiaas. 

The enamel is applied in the following simple manner : 
The workman takes tlu^ warme<l utensil from the oven and 
lays it on an adjacent table; he then stirs the enamel mass 
up well, <Ji])s a stiff* brush into it, ainl, by means of a ladle, 
takes out of the pan and pours into the utensil as much of the 
dilute mass as he thinks will about suthce to form a coating. 
By nuians of the brush this is tmm distributed ovtu- the inner 
surface (tf the article, uniformity of distribution being facili- 
tated by tapping tin* piece with a wooden mallet. Finally 
the pieci! is laid, mouth downwards, on a couph? of horizontal 
supports, placed over tin? enamel pan or over another vessel to 
catch th(‘ drippings, or (‘xcess of enamel. 

llighly-skille<l (‘namellers dispt'nst* with this hist operation 
altogether, long [)raetiee enabling them to judge precisely the 
quantity of mass required to coat a ubmsil of given size, so 
that no exe(‘ss remains to be drained oil'. 

Wlnm draimsi, the piece is set on the table and the 
enaimd (!arefully wiped away from all parts that are not 
intended to lu* coati'd ; after which it is imimaliately trans- 
fernsl to the diying room. 

The drying arrangements in (Miamel works are generally 
very defective, but little of the heat from the drying ovens 
being utilised. A very useful plan is to tit up the drying 
room with racks, which can Ix' raised by degrees nearly up 
to the ceiling — tlu* freshly enanudled pieces being placed on 
the I’ack in its lowest (losition, and aftm’ wards gradually lifted 
to enable tlu' wart' to dry rapidly ami etpially. Only when ii. 
is certain that the mass is perfectly dry is the rack transferred 
to the tlrying oven, which is heatt'd to nearly red luuit in order 
to ox{)el tilt* final traces t)f moistun* from the maas. 

Uniformity in drying is of sjiecial moment in ensuring the 
success of the entirt* tiperation, since if the ware is put in a 
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hot place before bein;^ perfectly dry, the enamel easily separates 
from the metal, and the ware will need re-touchiiif^ to produce 
a proper .coating. 

Only after the ware has stoixl lor s{uii»‘ tune on the in'arly, 
red-hot plate of the dryin;; oven will the powder hav(‘ )H‘coine 
so adherent ^to the metal as to r(M[iiin‘ the oxertion of some 
force to scrape it off hy na^ans of the ting(*r nail . and when 
this stage is reached the ware is nsuly to U' tired 


10 



XX. 

FIK1N(; Till-: GKqiJND ENAMEL. 

roiisistn it) licatiii;^^ the ('(aUMl \var<‘ sufficiently to 
produce* incij)ient I’usion of the ^^j-aiuih's of the (‘iiainel iiiass, 
without, howe\<u', eau^in;^^ thnn lo run to^tetlu'r into a per- 
fectly uniform nia^^ ^ so that tlx- process is really more one of 
sintei’iii;^^ tleiii trm- Iumou 

The oiouiid mass may hi* lin'd on to the ware hy suspend- 
in;^^ tJie lattei ovci a'l)ii;4ht liie of wood, ehareo.d or coke, 
until till* neeessai’\ de^iiT of he.lt is atl.lined TIu-si* fuels 
are, howcM'i, .iiteiidrd With the dis.uK ant.i;,^* ol ;,dvin;t oti' 
particli's of tl\in;4 ash, uhich an* carried aloii;^^ hy the 
the reduciii;; action ot tlx* i,ms aNo corroilin;^ the enamel mass. 
Coiiseijuently. to oh\iatr (hrsr inconveniences, the tirin;,^ of 
the wart' is ah\a\s pei'forined in inutile turn.ices 

d’ln; Mrnir Eruyvci; 

'rile construction of these furnaces is \a*ry simple. They 
consist of an ordin.iry furnace tilted with prismatic vessels 
tmuffli's) of tirecla\. which are t'lnt'loped hy the flame, the 
furnace itself is connected to a chimney ahle to produce 
a stron;^^ drau;,dit, and is capahle tif furnishin;^ very high 
teiiipt'ratures 

The usual mctlxul of rceulating the fire in the.e muffle 
furnaces is such that the liamt surface of the muffle is heated 
less strongly than the hack, the latter being brought to a 
strong red heat, wherehv the cnamelkMl ware can be exposed 
(Uti) 
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to a lii^^her or lower temperature at will. A mutHe of the 
.usual type met with in enamel works is shown in Fi;:. 14 . 

Her(? () i^ the furnace. M the mutlh-. H the h. arth, A the* 
ashpit, H the stokini^^ hoh* lor introducing^ tin* fuel ami P the 
plate for char^nn^^ ami (*m])t\ in^^ the inutHfs 

It will U' easily understood that mntllrs of ditlercnt sizes 
will l)(‘ re(piin‘d in (ai.niiollmi; woiks Ni'\ ri tln'lrss, it is 
desirable, in ord«‘r to pr<*v<^nt unm-ccsvai y consumption of 
fuel, to use mutilossinly jimt laryu* ciiouydi ((» eontaiii the wart' 



Fi(. It. 

to be tire*], /to ])i**Vfiit undm- eoollll^ ol tie- hot air in the 
muffle, the front ♦•tel is el«is.*d ky a plat*- suitable dimensions, 
provitled with a peeph**!*-, *'itler *»pt-n <a- c.*\*-i-e.l with mica. 
The s])ace in ffont of tie mutth- m abo j)ro\i<led with a hot 
plate to accoiifmo<late tie* pi'-c*-s b-k r*- and alt*-)' firiiij^. 

Fb'tore comne'ncin;,^ t<» cliaryn- the mutlh* it must lx* raised 
to cherrv’-re*! beat insid*-, tie* n-ar b*-iny" then almost pale red. 
The size of the muffle dep*-nds on tie- ski)! of tie- \^*orkman in 
char^^eof the tirinyG an "Xperienc***! man b'-in;^ able to look after 
tw.elve to fifteen small uk-nsiN in tie* muffle at a time, (dire 
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should he taken, when char^in^< the muffle, to arrange the 
pieces in such order that each of them can be moved about to* 
•a liotter or cooler position as nvpiired. 

For shifting jaeces fitted with handles a simple fork is 
used, which engag(‘s with th(; handles when the ware is to be 
moved, whilst other utensils are handled with tongs of suitable 
shape. 

The ware is inserted first in^the cooler part of the muffle, 
and afterwards puslnsl gradually onward io the liotter parts. 
Flat jtieces, such as basins, stewpans, etc., may be set upright 
on the bottom of the muffle*, wh<‘reas taller articles, after the 
enamel on tin* bottom is fused, must he laid <lown sieleways, 
and tui'iied rouml so as to bring the enamel on the* sieles into 
a state* e)f fusieai 

The opera! iein of tiring grouml e*namels should not take 
longer than twe-nty to twe*nty-li\e* minute*s at most, in a well- 
heate*el inutile* It not preipe'rly tireel in this time*, the enamel 
mass is e*vide*ntly teee) re'fractory, to r(*me*ely which elefect a 
certain ejuantity eel (*al(*ine*el heirax or beiric aciel can be mixed 
in with the* dilutee! enamel by preilonge'e I stirring. If this eloes 
not pmduce* the* elesire*el result neithing else* can he elom* but to 
aeld borax to the* mass am I fuse* it ovt*r again 

In view of this peissihility it is always advisable, before 
[ire'pai’ing a ne*w hatch eef gi-emml e‘;iamel mass in large (]uan- 
tity, te) test it by making uj) a small trial hatch ami testing 
same in the* muffle*. 

As a practical sign that the greiuml mass has been properly 
tireel, the* he*.st indication is that it cannot he* rilbbeel otl’ by the 
tinge'i's. \Vhe*n cxamineel by a strong magnifieA', the eelges of 
the imlivielual particle*s shoulel appear rouiieled, in which event 
the mass has attaineel the ivquisite elegree of'tiuiellty, being 
“ fritteel” uml not re‘ally fuse*el 

If, on the other haml. the* mass assumes the appearance of 
a smooth lustrous covering on the surface of the* ware, this is 
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an indication of excessive' fnsilnlity. In this case the ;,M'ound 
mass forms, in itself, an enamel, and th(‘ tirin;^^ of the cover 
enamel is then attended with <lirticulties. This defect mav 
he correcte<l by an a(hlition of some refractory sul>stane<\ sucl^ 
as flint meal, porcelain i;herds or clay, all of which ar(‘ very 
serviceabl(‘. 

The temperatur(‘ usually rr.piisilc btr tiriiii; ^^jound enamels 
should not excis'd ])ah‘ red heat and it i'^ but iarel\ that, tor 
tirin;^ extremely refractory nP!iss(>s. tie* eiujthtN nient ol a white 
heat is entailed Artich‘s enamelled with^the lattei’ kind of 
mass ar(‘ naturally dearer than those coated with lusible 
enamels, owin;^ .LO*<‘at(‘r outlay on tuel 

When lar^u' pit'Ci's have to bt* treateil, or such as h.i\i been 
already enamelled but .ire dama^^eil b\ lon^ usa;,o‘, a some- 
wlurt modified method is pursued ( )M eodkinj^^ utensils, liom 
which the enamel has chippe*! oil in places, must be hammei-ed 
with a point(‘d hamneu’ rouiel the deleetise jiarts to remove 
all loose ])ieces of enamel, .ind then e\)n)sed to shmitr beat to 
comi)letely d(‘stroy alt the .ulherent l.it almost invariably 
present The exposed porti«ms nf met.il havin;,^ been se.aire.l 
bright are then c()att*'l over with ;.^uouiid mass and tiled in the 

muffle as usu.il • 

To enamel larm- jiots. boilei-s .-tc tlmy must be tilled with 
picktin^r li.iuor and aft.uw.ioU scoui<-d bright, painted over 
'with ground mass, and tifeil in tai;^e mutlhs In all casts the 
enamel must. b.d'on‘ tirln;,^ Im* c.irefulty \MiH‘d otfany parts not 
intended to be* cov<-re<l ( 'to nsils (,f special shape, p.irticularly 
those with wuiljs of irre;4ular thickm ss, must be hamtled with 
•extreme care^ in the firiiib and should l.e lett in the muffle 
until it IS perfectly cert.iin that the mass is ).ir)perly fritted all 


over. 
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Gas Muffles. 

The employment of for heatin^^ is attended 'with so 
Riany advantage's, and oHers sucli a ^reat savin^^ of fuel, that 
it can f)e strori^dy recommended for ali purposes where warmth 
is r(M|uin‘d in (uiamellin;^^ w<jrks » 

So-calt‘d “ watiT ;^ois ” is tlii' l)est form to use. It consists 
of carbon monoveh' and hydrogen, and furnishes such a high 
calorific effect that the fusing ol enamels rl)y tlu' aid of this 
fuel is a \<M'v rapid* proi'ess 

Gas is also of mo>t exerlleiit service 111 heating mufUe 
furnaces, as it enalib's the tempei-atui'e of the miitfies to lie 
regulated to a nicety, <iccordiiig to re(|uiremei)ts, A muthe 
furiuK'e of this description, the in\(‘ntion of the author, is 
represented in Kig 1 .“) 

This furnace eontaois two supeiamposed muthc's. E and V, 
of e(|ual si/j'. mad ' of strong h aho' plate TIk' U[)per mutiitg 
\\ s(‘rv(-s fnr canning up tin' ware, wdiilst tin* enamt'l is tired 
in K The iiiutfit's art' eiielost'd in a thick easing of fini-hricks 
lu'ld together h\ ilowt'ls, and the whoh* is mounted on a strong 
iron hast'plate, a nai’row spact* being h'lt h'twt'en tht* muffles 
ami the outi'r casing. (Jas is supjihed from tin' pi[)e, (r, to a 
horizontal pijie ht'ut in tin* form of a G, on which Bunstm 
burners, HJi, are mountt'ii, at intt'iwals of two incln's, along the 
full length of tin* mufflt*. Hy means of a ct'iitral partition, TT, 
the rtamt* from tin* tw'o row's of hurin'rs is df'rtt*cted|right and 
left resj)ectivt‘ly. 'rin* burners an* lightt'd through suitable 
lateral opt'uings, 0 , which are then closed by means of (‘arthen- 
ware plugs. 

The flames surrounding the muffle E on all sides heat. this 
white hot in a few' minutes, and tin* giises escaping into the 
up]H*r jwirt ;)f the furnac" are still so hot that the muffle F is 
soon bn)ught to red heat The hot gases discharged through 
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S are conducted away for dryin;,^ the products of the stamping 
mills, etc. 



\'u. 15 


When the apparatus iTas Ix-ru in work a sliort tinn;, the 
utensils in V will have hecoi.e* liot that a v.Ty brief sojourn 
in E suffices to suitably fusv tin* vnann'l in-iss. 
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APPLYIN(i AND FIRING TUE COVER ENAMEL OR 
GI.AZE 

When the ntniMils are tnkcn out ol’ the muffle in which the 
^u’ound emiinel has heen tin*(| on. the uncovered parts of the 
metul will Im‘ fouml covered witli hlnck. or nia^nietic oxide of 
iron resultinj.^ from the action of oxygen on the ^dowin^ 
metal. As this layer of o.xide (‘asily falls off and will colour 
any cover enamel it ’’touches, it must he carefully removed 
Indore the covcriji;.^^ mass is ap])lnMl This operation is best 
ettected hy scruhhin^^ with strid-wire hruslu's. or sand-paper. 

Th(^ application of tho <lilut(‘d cover (*namel mass is per- 
fornusl in tlu' sami' way as in the cast* of i^u’ound enamel, the 
{‘xtent of dilution having heen det»‘rmin(*d hy a preliminary 
experinu'iit as the thinn»‘r the layei- tin* handstaiier and more 
durable the enamel 'rin* covorin;; layt'r must, however, be 
thick enou^^di to covei’ jtroperly . and’ tln'rofon*, when the mass 
is rich in tin oxitle, it can be dilut<‘d to a ^uv^ater extent than 
otluTwise h'asible Boiu' ash has h'ss co\erin^r power than 
tin oxide, and conse((Uently a mass containin^^ the former 
must not be thinned down so much as if the latter Ljdy were 
present. When tin* use of very dilute coverhi;^^ masses is 
necessary, the greedy absorption of the contained water by 
the porous vrnmml layer entails i^reat care in drying the 
ware befoiv tiring; otherwise the escajx* of steam from the 
ground enamel will produce defects in the upper layer. 

( 152 ) 
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Much greater care on the part of the workmen is i-isphred 
in tiring cover enamel tlian in ^roundin^. vinee the enamel 
must be, perfectly free from bubbles, any pities faulty in this 
respect having to be set aside an<l t<uieh(sl up ai^^aiii. . 

The tirin^^ temjK-raUire of tlu* mutH(‘ furnaces is lower 
when cover enamels are bein;^^ treated, tlies«- masses Ixuii;," of a 
more fusibh^ charact(‘r tlian ;^a’o\nid enamels. An accurate 
indication of the pro])er dei^ree ol lu'at can be ;^ained by 
placing a small crucibb'. cbntainm^ a httb‘ brass, in tin* 
muthe, which will bi* hot (“nou;^di lor i>yr present ]mrj)ose 
when the brass iusi's. ()\\in^ t<* the lluidity ‘>t the covei 
mass and its cons(*(juent liability to run down tbe sides ol the 
utensils and mak(‘ tin* coatin.i; une(piab the aitieles m the 
inuftle must be fretpiently tuiaied and laid «>n tbeir sides in 
ord4r to faeilitab* \inifonnity <d tusinn 

As soon as the mass appears t<> ha\<; lused <‘(nnpletely, the 
ware is taken out ot the turiniee, but is pr«'\ented Imuii cooling 
down too (juickly «»r tin* i*namel will era/-e thrtni^h lack oi 
time for uniform contraction l<i prevent Ibis, tin* finished 
ware is transferred to a inutile furnacr, kept at a j^i-nth* red 
heat, where the pieces are pile-l up, an<l the inutile is then close<l 
and left to cool down emdually It is a<l\isablc to rinploy 
for this purpos(‘ a lar;re inutile s(. that as many pieces as 
l^ossible can be treated at a time I'nder these eircumstances 
•the mutHe need not be nT(*re than nnxlerately hot, the radiant 
heat from the larm* charm- ol uare sutliciii^ to raise it to the 
rij.^ht temperature. 

When conlv'l the ware is eilli.-r hlaeknl, nickel-i.late.l, or 
._a,s is now most oeiieral— eiiainelh-.l on tlie ontshle. This 
latter operation is iierl'oniieil in the same manner as helore, 
except tliat gommoner oromel ami e<iver massi-s, reipiiring 
leas heat in tirint^, are eniployeii. As colonreil enamels (dark 
blue, coloured hy cohalt, or n-d brown, hy IVrric oxide) are 
mostly used for this work, the ),Tound mass is generally of low 



154 THE PREPARATION OF TECHNICAL ENAMELS 

quality, made from impure materials and showin^^ a yellowish 
or reddish tin^e of colour. 

If not cname)l(Ml on the outside, the ware is usually blacked 
over to prevent the* app(‘aranCe bein;; sp(uled by rust; and, 

with t^^"^ n. wifli f(ir* or^rJi’0j wllilc 
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RRPAFlUXd I'lKl'KRTS IN KN \M r.l.l,i;|i \V\liK. 

* 

111 proiluoinn t‘iiaii\(“lli''l w .in' <ni ,i l.iri;c seal.' it must lijipjn'n, 
despite ('Very e.ii't'. that .a errtain pmci'iitaL^t* <•!’ the i^axxls an* 
defective and unfit for salr A shoit drsci ipt ion of Ihest* 
ilefects will now hr m\eii 

So lon^‘ as the onaim'l mass is still Ltlowini:. it is of a hand- 
some. yellow eohtur. which i^in'-s pl.icr to a whitt' — that 
sliould Ix' pi'i'fi'ctly pui’c -whoii the pc'cc cools down. If, 
however, at this stam*, tie- <‘iiamcl t'xhiflits .an n rc;^odarity of 
siu’fac(‘, with d.irk, dull specks, it indicah's impriirct tirin;^^ 
and theia'fori* the wan- should hr at oiicr rrjdaccd in (lie 
hottest p<irt of the inutile to mahh* it to .attain the rripiisite 
temjierature 

* When the ^ootis h.i\c hri'U o\rihr.itc(l ill the mutily, the 
first indications of this defect only make their appearance 
after the pieces arc ijuite ('old In such e\ent the miaimd 
shows up very thin and Jdistercil in jilaces , and it not in- 
freijuently happens that the eiiam**! and ;;round mass fuse 
togetlier, and chip off so cnmpl' t'*lv as to leave the bright 
metal exposed Ihis is due to exeessne contraction of the 
fusion -product of tlie two masses, in cons(M|uence ot which it 
tears away fnun the metal in c(>olin;( 

The only feasilih* way to rectify ware that has heon over- 
fired is to chip*oH’all the detective enamel with a sharp-ial^red 
hammer, and to coat and tire the expose.l surface 'anew with 
ground and cover (^‘naniel. As this is a v(.*ry trouiile.Home 
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process many makers are content to merely apply and lire a 
fresh layer of cover enamel on the dama^^ed surfaces, and sell 
the ^oods as second-class ware. 

, Apart from the (juestioii of commercial morality several 
reasons may he iir;,^.,! a^oiinst such ;» practice. For instance, 
the "outshots” or second (|uality ^^oods must always he sold 
at much lower prices than ])erfect ware, althou^di they really 
cost the maker more to product'. Moreover, it cannot add to 
the credit ol any maker to ht* cohtiiiually oHerin^^ lar^^e (juan- 
tities ot secon<i-rat<* ^nxxls. (anisecjutnitly, endeavour should 
always he directed to restricting^ the number of articles that 
re(iuire touching up, and any that have to he made i^ood 
should he dealt with in such an etiective manner that the 
cori'ections cannot he detected 

tor this purpose it is important to lunploy jiroperlv taught 
worknum i<»r tin* tijsk ol firing the ware, and tluesi^ men 
should h(‘ ihorou^ddy well ac.|uaintt‘(l with the properties of 
the enamel masses <^n*nerally u^eil in the works. When new 
masses are to he employed, the (|ualiti(‘s of which are, as v’et, 
undetermined, they should he subji'cti'il to an experimental 
tirin^f te>t inad(‘ in presema* ol the workman who will have to 
fire th(‘ mass wlnm in use. siiua* he will often h(' able, in 
watching the j)roe-i*ess ol the oj»eration. to obtain an idea of 
the In'liaviour (»1 the mass from its appearance while in a 
^dowiii;.,^ statte 

thiEMKwi, Fxamiwtiox Of FiKKh Examels. 

As already mentioned, the value of an enamel mass for 
technical purjHises mainly dejxmds on its capacity for resisting 
physical and chemical iiiriuences. It is th(‘relore im|X)rtant 
that a maker shouM ht‘ in a position to apply simple tests to 
the enamel, with this object, to enable him to reco^mise wliich 
enamels liiltil the reijuiremeiits exacted by them, and which 
do not. 
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The cliief pliysical iiiHuence to resiNted is that due to 
.extreme tiuctuatiTuia ot temperature , and iu this couiu'ctiou 
the enaiftel can he very easily tested hy heatiu^^ it (piiekly 
followed by rapid cooliuyr^ the simph'st plan heiiiyr to till tlu> 
enamelled utensil with Tvat(‘r, raisini: this to hdiliii;; point, 
.and then iitmu-rsin^r the \essel in eold water Tlu' .‘uamel 
mass, atter this te^;t has hetai several times repeated, should 
still exhibit its ori^dnal eharaeti-risties without altia-ation. and 
no cracks should bn \isible. 

The child' chemical inlluenci*s t(t be re^tsteil aie acids and 
alkalies, and th(' enaimd ma\ be considered as suirn’iently proof 
a^oiinst the former if, \\hen the enaimdled war<' has been tilled 
with boilin^^ vine^mr for about a tpiarter ol an hour, the Injuid 
^ives no precipitate on subsetpient exposure to a current of 
sulphuretted hylromm d'he alistuiee of such precipitatt‘ 
indicates that the enaimd has sull'ert^l no corrosion . th(‘ 
lustre should also remain unimpaired 

A very simph* t(‘st lor the presence of lead in an enamel 
consists in moistenin;^- a portion of the enaimd with stron;^ 
nitric acid, to destroy the ujtper la\er After rinsmj; the spot 
with water a drop of ammonium sulphide is allowed to fall 
on the place, whereupon, in the ;ibsene<- of le.nk no (dnin;.;!* of 
colour will (Misiie , whei’eas, it le.id be ])ies,mt, the spot ori;4in- 
ally occupied by the nitijc acid will immediatel\ darken and 
in a short tiim‘ turn ijuite black. 'I'he opinion has already 
lieen laid down that enamels |.n eookin;^ utensils should be 
free from haul, <m account of the puisoinjus projterties of that 
metal, the dairmus of whjtdi .ii-e inteiisitied when the sujier- 
*ficial layer of»enaimd has Ijefome dam.ayn-d nr defective 
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ENAMRLf.ING ARTICLi;s OF SHEET METAL. 

Since the iiitnMuctioii of iiuichiiicry for I’Hpidly manufactur- 
ing articles fi-om sheet metal hy hlockin^y stampin;,^ (Uc , many 
attempts ha\e lusai made to (‘naiiud tie* ^oods so produced, 
sinci!, hy reason of tlirir clirapness and lif^ditni'ss. such articles 
undouhh'dly hcst lultil all the re(|uironients expected of 
utensils. The majority of thrs(> attmiipts, }io\vc\er, resulted 
only in failure, the eiiaiiitd nther chippiii;^^ off the sheet metal 
or lM'comfn}.t so irre^oilar when tired, that many niahm’s he^an 
to hath upon success as impossildc 

Ne\ (‘rtlieless, (hou;;h it. cannot ht* denied that the eiiamel- 
liiifj^ of sli<‘et-met<il war*- is attend***! with certain dithculties, 
a ^dimps*' of any ironm*)n;i*-r's stock will show that tlmse 
hav** 'Imh'ii satisfact*)ril\ o\*‘ic(nm‘, an*l that th*- ti’a*le in 
enamelh-d sh*-*-t-m*‘tal ;,e)ods is continually increasin^^ whilst 
inquiries for (-naiiielled artich-s of cast iron an* h*‘Comin^ 
few**!’. 

As a matti-r of fact tlmn* is no fuiulanu-ntal <lit}'erence in 
the metluals of enamellin*^^ tlu-sc two classes of ^niods; all that 
is nt'cessary to attain success in tn-atin^^ sh(*et metal la-ino to 
rememher the «h\eroent pro})erti*‘s of th** tw** y iri**ties of the 
metal, ami proe*****! acconlin^dy 

If a piece of cast iron ami a piece of sheet Iron oe etched 
with aci*l,,aml the attache*! spots examine*! umler a fairly 
strono ma^uiifyin^^ ‘^lass, a ^^eat *litference hetw^een the 
behaviour of the tw'o varieties of metal wili Ik* evident at the 
(loH) 



p:NAMf:LLlNG AHTK’LES oF SHEET MK'l’AL 


159 


first ^rlimpse. Cast iron is a ho<ly I’oniuMl hy ^n'lnlual ooolin^^ 
from a fluid condition . ‘tlic ^inallost particK-s of tin' moitt'n 
mass wcye able to s(‘ttlc themsrlvc^ frt'Cy, and crystals wnrc 
formed ; ('Vfry cast ii’on (‘xhihits ('rystalliin' structure, as may 
readily Ik' seen liy exannnin;: the surface of tract ure when a 
piece of this, iron is broken. 

On the otlier liand shet't iron, as is wi*!! kimwii, is pro- 
duced b}’’ the continued r(tllin;4 ol wn»ui,dit non or I'loeks of 
JBessemer steel, in iiplls until .i sheet ol aii\ desired thickness 
is ohtaine<l In conse(|Uence <>f this foreihU iinchiiiucal treat- 
ment, tlie structure of the iron toi stet h un<lere"es V(‘rv con- 
siderable alteration, the on;;nial ;4;i aiiulai -<-r\ st.ilhiit' structure 
bein;^^ conv<*rted into a tibious eoielition . that is to say, in 
place of the tine er\stals we now tiiid loii^r sleurlei threads 

d’he smooth siirf.K e ot e.ist non hmn Im* i e^.ii ded as eo\ ered 
with innuiiK'rable projeetioiis < oi i * sp<e*dnii; to tin* surlaces 

of the individu.d crystals, whei.as tie surfai I sheet iron 

may be represent eel as eo \ ei e.| with a tangle of sirinler t breads. 
Now it is (wddenl that, in the loimei case moie numerous 
jxiints of attachment an- jiiesented to the enamel, which 
tlierefore holds more liiinix than to the fibrous surface of 
sheet iron In a<ldition to this comes another considenition, 
that durni^^ solnlitication the smallest paitielesof cast ii’on 
assume the positions allotted to them b\ the law ot erystallisa- 
*tion of this metal, and w*fien the non is heat<-d, they sim[)ly 
move asunder, returnini^ to then- oii^onal place wdien cooh*d, 
always behaving ni a unifoim manner- IJence jirovided 
the coeflicient of expansion of the . narnel coatin/^^ is in any 
*vay approxiu^ite to tint of cast ii'on, there will Ik* no dati|.(er 
of the enamel chippin^^ oil 

In sheet iron on the contrary, tin- individual particles of 
metal are nev(*r in the jfosition they w<»uld have assumed 
had they — like cast iron -b*-en free tf> rnakt- their own sehxj- 
tion , they are ravher in a condition of mutual tension, the 
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extent of which is such that, as is well known, certain kinds 
of sheet metal cannot be rolled out to less than a ^iven thick- 
, ness without crack in/^. 

• When sheet iron is legated, the fibres of which it is com- 
pOHe*d expand more in a lon^itudir.al direction than trans- 
vers(!ly. If, now, such a shet-t he ima^dned as, coated with 
enamel — which, hein;,^ a fus^^d mass, must exhibit uniformity 
of (expansion in all directions — it will be evident that the 
cohesion between tbe metal and enamel is by no means so 
intimate as that Udwcsm (mamel ami cast iron , and it is only 
by special treatment that slnad. iron can be enamelled in such 
a durabl(! manmu’ as cast iron 

The whole secrt't of this treatment consists in an endeav- 
. our to mak(! the surfact* of tin* sheet iron as nearly as possible 
Wkv that of cast iron, so as to pn'sent to the. enamel an equal 
niunber of [)oints of mlbesion as oHered by cast iron. 

'riu' preparation of cast-iron m)ods by picklin^^ filiu^^ and 
HCourinj^^ for enamellin;^ has alrea<ly bemi dt'scribed in the 
[)recedin;j section, and tlioUL^h when tlu; articli's are enamelled 
at once th»' final scourin;^^ can be (unitted in this case, the 
conditions arti ditlerent wlnai sheet-iron ware is in question. 
Here scourin^^ with fine hard s^ind is an important operation 
and one that la'quin's care in its performance, since it con- 
tributes ;,a-eatly to the durability of tlu' enamel coating. 
This rt'sult is diK' to the tiny furrows cut in the surface of 
the metal by the hard particles of sand (tin' medium fine 
meal lix)m (pienched (piartz may Im^ us(m 1 in the absence of 
suital)h‘ sand). By this means the fibres of iron exjx>sed by 
the pickling process are suUlivided, and the i^urface of the 
metal is rendered more approximate to that exhibited by cast 
iron ; the enamel is tlu'refore better able to adhere. 

The epamel mas.ses intended for use on sheet-iron ware 
must imsesjj^ the highest cm'fiicient of expansion possible for 
vitreous substances, and every maker should endeavour to 
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ascertain by experiment the most saital)lt* mass for the iron, 
with which he has to di^al, since tlh‘ shtM‘t metal supplie 1 by 
diflferen t i'ollinji^ mills «‘xhibits divergent de^r<H‘s of expansion. 

The reason tor thi^ neca^ssity of a hii^di (‘(U'thcicnt of (‘Xjwin^ 
sion in enaimds for such. \var.‘ is n,a far to seek, and ri'sidt's 
in the thiniu'ss ot tin* shoot niotal ('inplo\oii Tho walls of 
sheet-iron wan* soldom (*\(*ood yth ot .m iiioh in thickness 
whereas tin* thinnest utensils ol cast iron are tN\ico or tlin’e 
times as thick t ’onset pn'ml^- a sheet -n on vesst*!. u hen heat(‘d, 
rapidly becomes hot .ill the w ay throni,di. an<l, t Imi eh ir** expands 
very (piickly, ht*m‘e il the t*namel is nn.ibh* to follow this 
inovenn*nt it must necessaiily teai .iwa\ from tin* metal. 

To counti*raet this incoiiNenicnce— as it must hi* rej^aitied 
from the prest'nt point of \i»*w — ol nipnl eondneiion of lieat, 
it is bustcjinary to enamel the nt«*nsils on the ontsidt* as well, 
tlie result of which treatment -en.imels, as \itieous IkhIics, 
bein^r had conductors ttf heat is to pi event tin* lajud heatin;,^ 
throu|j;h of tin* nn*tah .and thereh\ to a (*'*rtain ext' nt proti'cts 
the inside (‘iianu*! from disruption. 

Sheet-iron ware ma\ he di\ide 1 into two classc.s acconlinj^ 
to tin; methods of m.innfaet ure adopted, n: , those made 
entirely out of a sin;^de piece such as \riw flat st,-wpans*, and 
those wdierein sex'er.il pie(*es ai<* |oine<l to^eihei* by l.ippin;^ or 
riveting; d'hose ol the tn-i elas^ nijt r no s]>e<*ial diincnlty to 
the unibjrm fusion ol the"rn.mn‘l coatin;;. piosnled the metal 
is of the saint* thieknt*sx t hi ou^hoiit . iait l,ipp<*<l or rivet<*<l 
articles an* harder to deal with and H*(|niie May skilful 
hainllin;^'' in or'h'r to piodne** a cl.i^s wan* lri*t* from a 

kii ’^n* pt‘rc(‘nta^n' oi oiit'-lnas 

This is dm* to the cn eiiinst.inee that tin* metal is much 
thickt*r at the.lajiped or ii\et<-d )oinls than anywhere else,, 
which thicker places rem.un hot mneh hmi^er ih.in the rest 
when taken out of tlie mutfie, ainl eons.sjUently tie* enamel 
there is still fluid ;U’ter tlie leniainder has become* solid The* 
11 
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result is that when the last [X)rtion8 of enamel set hard, 
tensions arise between the particles, and fine cracks are 
formed; these usually radiate from the rivets and in length 
, exceed the diameter of the latter three- or four-fold. The 
same thing hapj)ens in the case of -lapped joints, the cracks 
juaking tlnir appearance on both sides of, and perpendicular 
to, the joint, 

It was owing to the oceiirrenct* of these inconveniences 
that th(! production of pcuTect ware of <*namelled sheet iron 
was .so H'tarded as to be looked upon for a long time as 
im[K)ssible. There ai‘(\ howevi'r, two very elective means of 
reducing the formation of the aforesaid cracks to a practi- 
cally negligible ndnimum , the one consists in exerting the 
utmost care to make the (‘iiamel coating as thin as po.ssible, 
whilst the second is to ensui’e very protracted and uniform 
(“doling down on th<*„rcm(»val of the wan* from tin* muffle. 

It will b(‘ readily understood that a V(“ry thin coating of 
(“iiamel will be the bett<‘r able to follow tln' expansion and 
contraction of llu' undei'lying metal the slowi^r the cooling 
process is (“arried out, sinc(‘ in the latter cast* tin* vitreous 
coating act|uir(*s a comparati\t‘ly high degree of elasticity, and 
conseijiiently is (mabled to bcttt'r withstand rapid changes of 
temperature. 

Moreov(‘r, it must not bi- forgotttm that tin- durability of 
the enamel is always gn'atly incn-ased when the cooling 
process is condu(*ted gradually , the so-called “toughened glass’' 
{vcnc itcmpf), which is so resistant that it does not crack 
wlien molten lead is pourtsl into a cohl vessft'l made of the 
material in question, is jirepared by simply copling the glasL 
ware very slowly ind(*ed. 

From the explanation given alK>ve. the int<*dlige:it manu- 
facturer, who does not shirk the tnuible of instructing his 
workmen thoroughly, will find no difficulty in producing fault- 
less enamelled sheet dixin ware. Furthernwu-e, since in many 
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works the iron ware is both mamifactun'd and enanudled it is 
^ ea^y tQ make the ware in such a inaniun- as to n'duee the 
difficulties of enaniellin^^ to a minimum 

For this purpose tie* thickness of tlu‘ nirtal shouM W 
reduced, as far as cons^^tt'nt with sjitcty, at the plains where 
two layers .have to overlap, / r , at tin- joints, so that the total 
thickness at the joint do«'s ma i:ieatl\ <‘\e»‘ed that of the 
single layer of metal elsewherr 

For readily ai»preciahle* rrasons onl\ tlat - lenidt'd rivets 
should be used, and the Innids should ho thinned doun to the 
lowest possible dimensions 

The ground (manuds should be ol lairl\ lefraetory char- 
acter, those rich in bdspar bein;^^ the best for use on sheet iron ; 
and for these no extremely hiyh fuinae.- lemjteratun* is 
required, all that is necessary to attain bmni: toiidition of 
frittin;^ or sinterin;^^ of the mass, m wh'/di staf the individual 
particles, whih“ adhi'niie tiiml\ to tie- met.ih |a<scnt a com- 
paratividy rou^h surfaci* Nshieh tusi s to a honioyi iieous whole 
with the subse(juentl\ ajiphed ( o\ i r enamel 

The latter mav be also sonn whit ieliactoi \ and must be 
^applied with extreme (am- in older to kecji the mtire eoatin^^ 
as thin as possible. ()t course, m \ie\\ ot this e'tseiitial 
condition, it is almost imj»ossibh to obtain an absj)lulely 
opaque enaimd covering, and, moreo\er, (>\penence has 
'shown that enannds oi such low co\enn;j;’ power that the 
colour remains bluish ;^oe\ , aie tar sujK iioi in [mint of 
diu-ability to those wherebx the K,(»und enamel is carefully 
concealed, thy employment oi the <|uantity ot tin oxi<le 
• necessary to ;>ccure this latter lesult decreasmo the coefficient 
of expansion. 

The ■firin^r. of around and cover enaim-ls (»n sheet -iron ware 
necessitates ;;reat skill and should 1m* carrie.l out as quickly as 
possible. The best plan is to heat up the mutfie for tiring the 
ground enamel to strong white lieat. and to introduce the 
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ware in a red-hot condition. With this object a second muffle, 
kept only at a red heat, is provided near *the actual firing^ 
^ muffle, and serves to warm up the ware. The counse of the 
/3peration is then jis Follows : — 

The workman charges the heating-up muffle with a num- 
ber oF pieces oF ware, in such a manner that any, piece can be 
easily tak(;n out and r(*plac(}d in its original position. When 
a piece lias attaimsi to dark nsl Inait it is quickly transferred 
to th(', tiring muffli*, when* the Fritting oF the mass is rapidly 
(ffle-ctiMl, since the ware only nccils a very littl(‘ extra heat for 
this iv'sult to ensue, and tin* operation will be complete in a 
Few minutes The pieci* is tlnm rcturmsl to the heating-up 
muffle and its placi; taken by another. As this last-named 
muffle dot's not l•(•(juin' to he ht'att'd vttry strongly it may be 
oF large dinn'iisions, and litted with racks oi* shelves in order 
to utilist' the whole <4 tin* intermil space Wln'ii a number of 
piect's lutvt' been coitetl with ground enamel ami fired as 
describt'd, tlu'V may ht' left to cool slowly in the heating-up 
muffle or transh'rred to a moderately hot cooling (annealing) 
oven for this purpost' ddie heat radiated by the ware will 
sufflct' to heat up this ovt'u to tin* retjuisite temj)(‘rature, an(i 
the cottling jiroct'ss will go on with the m'Cessary slowness. 

Idle nt'xt stagt' is tin* ap[)lication and tiring of the cover 
t‘nanu'1. This is t*llected in tin* ordinary manih'r and the 
tiring and cooling are carried out in the hot muffle and cooling 
oven rt'sjiectively. As the muffli* is k('pt at a very hitdi tem- 
pi'raturi'. while the cover mass is not <lifflcuit to Fuse, three to 
tive minutes are gt'uerally sutHcient to complete the tiring. 

If left too long in tin* hot muffle the Fused, cover enamel 
becomes very tluid and runs down From the sides of the, ware 
to accumiilati' at the bottom. The result is that tlie walla, 
being only thinly covered with enamel, look grey, whilst the 
bottom shows up pun* white where the enamel has gathered 
in thicker patches, and it is lien* that, by reason of the extra 
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thickness, that the enamel exhibits the j^reatest teiuloncy to 
,chip 

To improve tht^ appearance and dnralality of tin* wan* it is 
generally enamelled outside as well as in, lait with K'ss ndrac; 
tory masses, and coloureoi eitlua* blut* (with cobalt) or brownish 
red (with ferric aluminatid For the reasons alre.idy ;^ov('n, tlu‘ 
outside coating should be as thin as possible, thoii^di naturally 
greater car(‘ is bestow<^d on tie* finish of tie* inside 

By following the instruei*ions alread\ ;^iven, any maniitac- 
turer will be able, alter a little e\p(‘nm^entin^, to })roduce 
highly uniform ami durabh* enamelled slu'et-iron wan', atid, 
given a little experience, it is not dillicult to enamel vt'ry large 
utensils properly, since the shet't-ii’on ;;oods aie much - asit'r 
to handle in tlu' inutHo than th • Ix'avier cast ones. 

Latterly, boiler tulx's of riveted so-el plate have bi'cn 
enamelled, and specimens of such tubes exhibiting the most 
siitisfactory (pialities ar(‘ in existom'e t )t courst; tie pro- 
duction of this class of goods necessitat<*s the laying down of 
special plant for tiring the enaiiwls, and the niutlles have to 1 h‘ 
correspondingly long. As particular skill on the paitol the 
workmen (‘inployed in tin' tiling is requisite. th<‘ production of 
these tubes forms a spi-cial branch <•! tie- enamel iiidusgy 
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TIk' ;itt<“iii|)ts at <l(‘C()ratino- enaiiielled ware 

consi,st(‘<l in th(‘ niitsidf' with hlui* or red-brown 

ciiaiiK*] 01 ' by nickel platiii;; 

(luwiTi: Wmie. 

1 b(‘ a[){)i‘ai’aiiC(‘ ot m'aniti' is j)ro<luc<Ml (jn the outside of 
this wai'e l)y first coatjn^' it with wbit(‘ oi* yellow enamel and 
then 8pr!iyin;j, it over with vm'y tinv di'ops of a fusible ^'reyish- 
blu(‘ or ^o'.'yisb-rcil eovc'r cnamvl n-rcatly diluttsl with water, 
k(‘|)r continually stirred whilst tim spr<iyin;^r is bein^r rtiected 
in order to maintain uniformity of stren^rth. Wlum the drops 
are dry and the wai'e is tired, tin* eoviu' enanud adheres Hrmly 
to the '^u’ound layer and [)ro<luc<‘s the appearance of granite. 
The look of the i^oods is ;;reatly improved by a thin final 
coatinjr of very fusibh' cover (mamel or ;^daze. 

'Fuansfeii I)ec()uat[ox. 

Since the introduction of enamelled iron table and 
chamber ware— plates, saucers, jui^rs, wash-ba,sins, eta — the 
necessity for further decoration Inis arisen ; but as cheapness . 
is an essential factor, haml-paintin;; is out of the question for 
such ware, and recourse has to be had to the same means as 
are so successtully (unployed in the manufacture of porcelain 
and stoneware, viz. : decoration b}* the aid of so-called transfer 
pictures. 

(lfi()) 
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This process chieOy consists of printin;^ coloiir»‘(l pictures 
on very thin pd^xu* coutiiinin^^ a very low pi‘rcenlan;e of ash 
constituciits The ink used in printin;,^ is ooiiipos(*(l of (‘u imel 
colours (sucli as already d(‘serih(Mh. suspended io e nn'ilium of 
very fusible cover mass tin pist sutH(‘U'iit ipiantit)' to ti\ the 
colours on jn tin* operation of tinie^ In this \\.»y hii^dily 
artistic pictures are attainable b\ tie* usual nwthn.ls of 
printiiifj;, and are traiisbu-red [n the surlaec el the \sliite- 
enamelled ware by^sbehtl\ dainpiiiL: tlu- papei on the back ol 
the {irintisl s]ie(‘t. layiii;; this smoothly on tjir waie and when 
dry, tirino- it at a heat jUst sutliei.mt to ti\ tie- coloiiis 

A ^ood instaiKV nf tie- ).ossihilit\ .>t niakiie,^ an iinmmsr 
number of articles of oie- patti-rn and st\ k- dl dci-orati* .. by 
this irndhod is afforded b\ tie- muus made h r the eoioiiation 
of the Czar Nicholas II , and ha the .luhile,. of the Austrian 
Empm-or, Er.in/ Josrj)h I ^ 

iMtTU'loV ('l.olsowf 'I'lUNsllHs 
AiKjther form of decoration produced by the aid ok tin' 
printin^r press is that ol tiaivfeis simulating tin* welhknown 
cloisonne enamel, and highly suitable h,r the embellishment of 
decorative cast iron for buildin;,^ purjK)ses The pictup-s are 
printed in variotis colours, and tlm border lines, which in real 
cloisonne work (‘xhibita metallic lustre, are black ; the printin^r 
• is manatted in such a V/ay that the colour are laid on as 
thickly as possible. 

When a sheet of this transfer paj.er is applied to an iron 
surface (wliicli niav !»• in'iiil'leil. in tin' form nl a rosette, 
. cornice moul.lin^^ -tc ail.l tl,. Isn;k ..f tin- pais-r is ,la.«pe,l, 
the latter can l)e .Irawn nH' n, a slcrt time, |ea^ inj; tl.e coloured 
enamels, a.lhm-ine to tin- meial l.y tirn« lln-y hecoum so 
firmly ti.xed that the cnlmirs retain tlmir freshness ev.m after 
expasure to the weather lor yais. 
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Sundry methods of enainellinV have heeii brou^dit forward 
which differ from, ^nd, accordin;^^ to their inventors, give better 
Hisults tlian tlie ordinaiy ])roces.ses deseri))ed in the foregoing 
pages. Out of the large number of recipes available in this 
connection the following have h(‘en selected by the author as 
being of approved pi'actical valm;, many of the others tried 
by him having yielded nothing hut unfavourable results even 
when performed with ^ninute attention to details. 

IlU)\ (iLAZK. 

This proce.ss was originated hy Paris, and is u.seful as a 
cheap covering for prot(‘Cting iron pi[)es from the de.structive 
influences to which th(‘y ar<‘ expo.sed when emhedded in the 
ground, Tlie compo.sition of the glaz(‘ is as follows : — 

Powdered crystal glass . ... 130 parts. 

Soda ... . ... ' 20-5 „ 

Bono acid. . . . „ 

The matt'rials being carefully mixed together, fu.sed in 
crucibles, (juenched, and reduced to a very soft powder by 
stamping and grinding. 

The iron pipes or other articles to he coated are cleansed ^ 
by pickling in the usual manner, dried, and coated with a thin 
layer of gum arabic, or other agglutinant, the powdered glaze 
being then dusted over them b\^ means of a sieve. 

The nex^ stage is to dry tlie articles thoroughly in a 
chamber heated to about 150° C., and then bring them to dark 
(108) 
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red heat, at which temperature the glaze fuses. When properly 
.applied .the glaze*sticks very firmly to the metal and eHectually 
resists aU external influences. Though excellent for iron pipes, , 
for which such a power of resistance is desired, this process— • 
termed by its inventor de fci contrc-oxnd ''' — is too 

expensive f^’ general use. 

Em a I li .e Pi . A(^r k - Venn >- M i^;r a i l uy ’ e . 

Paris also nnidered his ipetluxl available to some (extent 
for artistic purposVs by d(\scribing a process for durably 
coating iron with otlun' nudals. With tins object the iron 
surface, covered with glaz(‘ as above*, is brnsht'd ovei* atresh 
with gum, over which very thin slunds of mt'tal foil (gold 
leaf, silver foil, coppt'r foil, platinum foil) an* laid and fired. 

Although in itself good, tin* metallic coating being ex- 
tremely dunrble, the pi’ocess is hardly liki'ly to be ot jiractical 
use now that metal can lx* coveri'tl with and jiri'Si'n'ed Irom 
rusting by nick(‘l-])lating. 

Enamei>s Foil Sheet-ikon Lo\f-si’o\u Moi:i>i)s. • 

A very useful enamel mass for sugar moulds, or indeed 
any sheet-iron wan*, is compostsl ot — 

Green bottle glas^ • • jxw'tn. 

Fused borax . • . 4 ,, 

Litharge .... • • 47 ,, 

Enamelling d’i’KK.s fok Steam Poileks. 

• * " •• 

Owing to the jirojierty (‘xhibitod by (‘iiamelled tubes 
of iron, copper, oi’ brass, ol either cntirt'ly preventing the 
deposition of boiler lur or (‘Iso, by reason oi their smooth 
surface, enabling the incrustation to lx; I'emov'ed with (^ase, 
*the u.se of sfleh tubes for locomotive boilers is continually 

extertding. . • i • 

Theii* prejlaration is, however, attended with cm’tain techni- 
cal difficulties, which neverthele.ss may be overcoiiie by means 
of the process now about to be d<*scribed. After pickling in 
fairly strong acid, the tubes are scrubbed clean with cylindrical 
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brushes, and similar brushes are employed to apply the 
coating of enamel. Firing is effected in muffles of suitable 
length, but not wider than is necessary for the accommodation 
©f several tubes, laid side by side on supports hollowed out 
for their reception, so as to facilitate handling by means of 
suitable tongs. 

The ground enaim^l is tinMl at a high temperature and the 
attendant must ex(U'cise care, by turning the tubes, to ensure 
uniform heating throughout. Tliis turning must be performed 
moj’e frequently during tln^ tiring of the cover enamel, to 
prevent the latter from running and forming a coating of 
irregulai’ thickiu'ss. 

Enamelled iron pipos an^ also (vxcelhmt for conveying the 
acid wabir of mint's, as they rt'main unaltei'ed for years, where- 
as ordinary iron pipt's an' corrodt'd in a very short time. 
Of courst' the ('nam«'<l t'lnployt'd for such tubes must be of 
such coir^titution that it can (‘thictually withstand chemical 
iiiHuences. Amtmann of Ohdwitz ust's the following formula 
for enamel for this purpose • — 


OioKiul Kmumd 


Quartz . 

84 parts. 

Borax . 

15 „ 

Soda 

. 2 „ 

Cover Enamel. 

Felspar 

84 parts. 

Quartz . 

. . . . . . . 19 „ 

Borax . 

24 „ 

Tin oxide 

IG 

Fluor spar . 

4 „ 

Soda . 

9 „ 

Saltpetre 

' . 3 „ 


The firing of this 
white heat, and the fi: 


;)ver enamel takes twenty minutes at 
lished tubes are coated with tar whilst 


still hot. 


^ PleischeiAs Enamels. 

Pleischel of Vienna has for many years manufactured 
enamelled ware coated with leadless enamel only, the com- 
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position of the masses — which are also suitable for use on sheet- 
iron arti^cles — being as follows : — 


Silica 1 

30 to 50 parts. 

Flint ... 

10 to 20 „ . 

Kaolin 

10 to 20 ,. 

Pipeclay 

S to 10 

Chalk . . 

0 to 10 „ 

Ground porcelain 

5 to 15 ,, 

Boric acid . . . . 

20 to 10 „ 

Saltpetre 

0 to 10 ,, 

Gypsum 

Another of the same makiT’.s formula' is — » 

2 lo 5 ,, 

Quart/. 

.10 lo 50 parts. 

Grauite 

20 to 30 

Bora.x . . . . 

10 to 20 

Glass . 

0 In 10 ,, 

Magnesia 

10 In 15 ,, 

Ftclspar . . . • • 

5 to 20 „ 

Enamel soda 

10 to 20 „ 

Lime . . ♦ • 

5 t o 1 5 , , 

Barytes 

2 to g ,, 

Fluor spar . 

.! to 10 ,, 

These ingredii'iits are profan'd iii \('ry 

much the sIVmo 

manner as tliat already d<'serih(‘d iu tlu'sc pa;. 

M'S, b}' grinding, 

mixing, fusing and re-grinding , and tlu' glazu is laid on as 

thinly as possible Tim proportions ol tli<‘ 

mi.Kture (hqiend 

on the character of tin' law materials and must Ix' determined 

by experiment, since a granitic that contains a 

large* proportion 

'of quartz will require nfdre soda than one 
felspar. 

that is rjeher in 

BorrcHER’s Coim-er Enamel. 

The enamel*mass employcil by Bottcher for copper consisk 

•of— 


• White felspar 

. 12 paits. 

Uaburned gypsum 

. l‘*i M 

Borax 

1 part 

The usual metlnxl of tiring is adopted, 

and Ihe enamel 

adheres very tenaciously to the surtace of the 

copper 
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DIAL-PLATE ENAMELLING. 

The nianuFactur(‘ oF dial-pktes For clocks is a special 
business, and ^^erierally consists in cov(!rin^r sheet copper with 
white enamel. Th(‘ thin sheet cop])er, cut to the desired size, 
is made bri^dit and coated on both sides with perFectly white 
enamel, in fine powder mixe<l with water and laid on with a 
brush. As the enamel us(‘,d is always very rich in tin oxide 
it covers W(dl enou^di to b(‘ us(*d in excee(lin^dy thin layers. 

Any whit(‘- enamel oF ^mod coverin^^ power will do for the 
purpose, the followin^^ beino- typical mixtures — 


Saud 

. 100 

100 

100 

Lead oxide . 

. 50 

108 

167 

Tin oxide , 

. 50 

•58 

83 

Potash 

. 200 

20 

80 


When the mass has been applied, the discs, laid side by 
side, aVe thorou^ddy dried, and a lar^m number are placed on 
thin slabs of tire-brick and inserte<l in a j^dowin^r nmtiie where 
they are left until the enamel is Fused. Hereupon they are 
transferred, slabs ami all, to a coolii'i^ oven. In this manner 
a very large number of dials can be tinished in the course of 
a day. 

The plates are then subjt'cted to a searching examination* 
and only such as are perfect and exhibit a perfectly unifoim 
lustrous surface are looked upon as hnislied. Frequently 
some of them are sliglitly blistered or stained. in places, and 
these must be rectified before they are sent out. The simplest 
way to remove the small blisters or bubbles is by scouring 
the plate with tine sand, and reheating in tjie muffle until the 
( 172 ) 
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enamel has so far fused again that it forms a coherent lustrous 
covering when cc>ld. Stained patches must be ground oti' by 
holding tjie dial against a rapidly-revolving disc moistened 
with water containing very tine sand in suspension. When* 
the stain is entirely removed tlu' placc^ is re-('ninnelli'd. It 
should be stilted tliat such patclu's will only br nud with in 
any abundance when insuihciont care luis Ihmmi taktei in s(‘lect- 
ing pure materials for tlu' (maiiud m<iss. 

The inscriptions ^(figui’es) oh <lial-plat('s art* ol' black (‘iiaim*!, 
which is ground up with lavemlor idl, paiytfd on and tired. 
As a rule this colouretl t'namel has a much iowci* fusing point 
than the white enaim'l, so that it m.iy melt whih* tlu* latter 
is still in a solid state , since otluM'wisc it would be im])ossi))lo 
to obtain a sharp-(*dgtMl, clear insciaption, as tlu* two (‘uaimds 
woufd run toeether in fusing and rejuha- the edgt's washy and 
ill-defined. , 

The small dial-})lates for watcht*s are usually t^nanu'lled 
on one side only, and must he cooh'd down slowl\ aft(‘r tiring, 
in order that tlu* (*namel may ndain a ce*rtain elasticity *and 
not easily craze or crack Ik'sides, the (*nam(*l foi* this purpose 
mast have such a low fusing ])oint that there is no dang(,*r of 
the copper b(‘ing cornxh'd by tlu* fus(‘d m.iss • 

To ascertain wlu'ther or no this is tlu* case, a finished plate, 
is cut in two, aiul the edges .liter In'ing rubbed smooth- arc 
'examined under a magniVving glass , In tlu- c.isc oi enanu'ls 
of suitable fusing point a sharp line of dmnai-cat ion is visible 
between the enamel and tlu* met.il. but il to() relractoiy an 
intermediate la^au* of a bluish tinge will bt* notic(*<abh^ ; and, 
•owing to the Jhinness of the coating, will sj.oil the colour. 

Many dial-plate manufacturers, however, (‘luleaviun- to 
produce this intermediate kiym-. under tlu* (*rroneous impression 
that it causes tlu* enamel and copjier to adhere more firmly 
together, which is not the case, besides, tlu^y unite so closely 
under ordinary c()nditions that no special pri'cautions in this 
direction are required (See aho Appendix p. 183.) 
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ENAMEL8 FOR ARTISTIC PURPOSES. 

*- 

Enamels play, an important part in the arts and artistic 
industries, and, by reason of the beauty of their colours and 
their durability, are (“S})ecially adapted for the embellishment- 
of jewellery and artich's of adornment. 

In earlier times this branch of art was more studied than 
at present, and there are still in existence, the product of past 
centuries, works in eyamel that con.stitute artistic relics of high 
value. Neverth(‘l(‘ss, owing to the present state of chemical 
knowledge, we are nowadays in a position to produce enamels 
far* superior in point of beauty, purity of colour, and dura- 
bility, to those of our pred(‘C(‘ssors 

As is well known, strenuous endeavours are now being 
made" to elevate industrial art to a high standard, and great 
attention is being devoted to works in enamel. 

Gold and silversmiths, and workers in bronze and metal 
are again largely re.sorting to cnttlnels for decorating their 
proiluctions, and the same applies, to a not inferior extent, 
to the use of enamel in the manufacture of artistically em- 
bellished pottery. 

So far as the composition and emploympt of enamel 
masses for artistic purposes are concerned, there is little 
deviation from the methods already described as practised in 
the industrial world, the principal ditference being that the 
very purest materials obtainable are sought after, since it is 
from these alone that enamels of handsome colour can be 
( 174 ) 
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prepared. The more expensive hrst cost of such enamels is 
a very .minor consideration, the (piantity used hein^^ in any 
case very small. , 

As enamels for artistic purpo.ses are not najuired to exhibit 
any special resistance to chemical agencies, they are usually 
compounded, of fusible materials, it bcin;^^ (‘asi(‘r uiidiu’ these 
conditions to employ certain ])i^m(‘nts and retain their beauty 
of colour under th(^ tirin^^ jtrocess. 

The compositiop of enamels brin^ nowadays a matter of 
general knowledge, it is (‘asy for makers wliose enamels enjoy 
a particularly good r(‘])utation — as is the case, ior instanci‘, with 
the Venetians — to maintain tludr products at a standard of 
perfect beauty if tln^y only bear in mind tlie lactors just 
referred to. 

The lowest possibb* limits ot tusibility can lx* im])arted to 
enamels by the use ol glass massifs rich hi lead , and th(*s(‘ are 
quite unobjectionabl(‘ in tin' casi* now under consid(‘ration, 
since the low resistance' of the products is not a source of 
danger. The subjoinetl reci[)es lor artistic enamrls havi' stood 
the test of practice, and it m;iy bt' statt'<l in this place that 
these enamels may be used in various ways, tin* mass being 
either applied and Hre<l in a single operation, or else a white 
ground mass is first put on and alti'rwards covered with the 
coloured mass. Wlnui tln| enamel is all ot one coloui tin* former 
method may be pursueil ,”but when it is a (jU(*stion ot enamel 
paintings the object is first coated with white mass, which 
serves as a ground for the subse(jU(‘nt jiaintcd decoiation. 

White Ena.^iees for Jewellery. 

Two parts of tin and one of lead are calcined tog-ther and 
entirely ‘Converted into tlie respectiv'c oxides; 1 part of the 
mixed oxides is then mixed with 2 parts of pulverised white 
crystal glass and fused in a crucible along with a minute 
quantity of saltpetre or manganese dioxide as a decolorant, 
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the molten mass being afterwards poured out into cold water. 
This fusing and quenching are repeated two, three, or even four 
times, until the mass is free from bubbles and qiiij^e homo- 
geneous. After being ground to fine powder it may either 
be applied direct to the object, or, wli^en intended for covering 
very small surfaces, is ground in lavender oil and Jaid on with 
a brush in the same manner as artist’s colours. 

A white (‘namcl of still lower fusing point may be prepared 


by the following recip(‘ : — * 

Tm-lead oxido . • 100 parts. 

Pure quaitx meal 60 ,, 

Common salt ‘26 ,, 


The pure (juartz meal may be replaced by sand, but the 
latter will have to be specially purified if it is to yield a per- 
fectly white product. With this object 100 parts of sand are 
fused with 25 parts of common salt, some of the chlorine in 
which unites with the iron in the sand to form a product, 
which is volatilised by th<‘ heat employed and leaves behind 
a fritted mass sufficiently free from iron. After this the sand 
is fused with 25 parts of purt^ minium, wliei-eby a frit of lead- 
soda glass is obtained. 

To prepare an enamel by the aid of this mass it is reduced 
to very tim*, powder and mixed with pure tin oxide (or tin- 
lead oxide) in the pro[)ortion of 50 parts of frit to 100 of 
oxide; the larger tht‘ proportion of 'the latter the thinner the' 
layer of enamel of good covering power obtainable. 

Enamel masses fre(‘ from tin oxide can also be prepared, 
in which case sodium antimonate is genera)ly used. The 
latter, however, in presence of glasses containing lead, yields t 
enamels of inferior apjmarance ; consequently the mass should 
be prepared by fusing tlie sodium antimonate, with crystal 
glass only. A very fine enamel is obtained by mixing 3 parts 
of glass and 1 part of sodium antimonate, with a small quantity 
of saltpetre. 
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In the preparation of all theH<‘ enaiiR^ls care should be 
taken, when fusijig the materials, to pn^veiit tlu‘ access of re- 
ducing gases to the contents of the crucible, by cov'eriiig the 
latter with a close-titting lid , otherwise an inferior <‘nainel 
will be sure to result. ^ 


Recipks for CoRorRKi> K\\mki.s. 


A good ground foi- backing coloinasl 

(‘uaimds is fui'nished 

'•y- 


Sand 

• i [)arts, 

Chalk 

1 pari. 

Gale mod borax 

S part-H. 

This mass is particularly suitable for wsv under pale nai, 

purple red, and blue, as well as otlu'r <1 

[(‘liaite (’010111*8, since 

it exJerts no injurious iniluenc(‘ on th(‘ pi. 

giiKMitary substances. 

A somewhat refractory mass, also^ 

useful for the same 

purpose, is obtained from — 

• 

Quartz meal 

(')() parts. 

Alum . 

do • 

Common salt 

05 „ 

Minium 

. 1(K) „ 

Mag))esia 

5 


Tran.slfcknt (U)R()nRFi) Enamels. 

For artistic purj^oses ^painting in (mamel) usi; is made of 
certain colours, which, for the production of particular shades, 
have to be translucent. A few recipes for these, as given by 
Deck, the technical director of the Sevres porcelain works, are 
appended below. 

• Flux or Ground Mass. 



Soft. 

Hard. 

Q'uarta ' . 

. 4-5 

5-0 

Potash . . • 

. 1*5 

1-6 

Soda .... 

. 70 

• 7*0 

Minium 

. 8-6 

3'0 


VI 
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Ofhie 

I \ c)t y 

Opaque 


Yellow 

Yellow. 

Yelbiw. 

Soft ground mass . 

9 

2(5 

9 

Quatt/ . 

4 

10 

4 

Minium 

0 

Id 

5 

Ferric oxidi' (>ollo\v) 


1-5 

0-8 

Antimony oxide . 


— 

0-S 


(Irrms. 





I 

11. 

Sand 

• 

d-o 

5 0 

Minium 


' T) .b 

r,-5 

lloiilX • 


or, 

0 

1 'otusli 


or, 

l 0 

C.npnc (ixidr 


0 1 

0 1 



Cmu-liii 

Olive 



O lee 11 

(in eii 

Soft llnx 


9 

90 0 

CaijUK oxuli' 


1 

d [ 

Ki'n 1C oxide (\ cilow) 


1 

()•() 

Sand 


1 

__ 

Minium 


b 


M aiignneM' dioxido 



2 


niiu's 





L.iImn l.i/tili 


Flux 


;,() 0 

o.d 0 

Coliallii oxide 


0 


('iiptm oxide 


1 ) 

7 0 



(..oil. t 

\ inlet 

Flux 


11 (1 

r,o 0 

\lltimon\ oxide 


1 0 


Manganese dioxide 


CO 

0 r> 

Salt [let 1 C 


2 r, 

- 

Soda 


2 5 

- 

Cobalt 1 C oxide 


— 

d-5 


For paintioLi; on onamol it is adxisahlo to kri'p a stock of the 
various colours piH'parcd in the form of stron^Hy coloured 
^dasses. With tliis oliject in view a fusihh^ enamel mass, free 
from covei-in^- inj^redients (tin oxide or lead oxide), is com- 
pounded, and witli tliis tlie pigmentary oxides are incorporated. 
After fusin^r^ the mass is pounded to coar?e powder and re- 
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melteil, the cycle of operations l)ein^ repeated until a ^dass of 
perfectly uniform colour throu^diout is ohtaineil. This is 
finely j^gwdered, and for use is around in la\('nder oil and 
applied by the hrusli to a surfaci' of pure white refractory 
enaim‘1. On the conij)l(‘tion of the paintin;;-, tie* article is 
carefully tired in tins nnitfie at, a hiMt just sutlicieiit to nu'lt 
.tln‘ coloured (‘nann^ls, whu'h oh’^'ct Irani^ *‘tlect<'d tlie tt'iiipiM’a- 
ture is at once riMlucei] in order to pr(‘\ eiit tlie eoloui's i-uiinin;^^ 
one into aiiotlite- * 



I I , 1', 


if any ]»art of the |)aiutin^ does not eoine up to expecta- 
tion, it may h*^ removed 1)\ <-areful serapnii; with a very hard 
^rraver,an(l pointed aieov it is, liov\ .-vei , <liHicult to perfoi-m this 
opeuition without dama-m- the appearance of the, paintin-x 
Th(‘ d'usiUc, colou)-e<l emmiels may he tired in tlu^ muffle 
shown in id or that lepresented in Ki^^ Hi. ^This nniftle 

is placed in a blast furnace hiviim a stnuj^^ drau^dit and 
heated by coke (ir chai-coal The -ases from .the hearth, Ji, 
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surround the niuhie in the flue, D, and then escape to the 
chimney, E. While tlie pieces are heinj^ fi^ed, the muffle ts^ 
closed by a fireclay plate, F, which is fitted with a pet^p-hole. 

Cloisonne Enamel, 

This m(dhod oT (‘,namellin^^ is peculiai’, and furnishes [)ro- 
ducts of illimitabbi durability. As a rule it is practised on ■ 
copper or ^^old, and th(‘ procedure ado[>ted by the artists of old, 
and but recsmtly discoven* ! anc^v, is followed, Tlu^ outlines 
of th(i desi^ui to be carried out in (manud’aia' marked on the 
metal plate in sucb a manmn- that a very thin band of metal 
remains between tie' of evauy two adjacent coloured 

enauKils, the space enclosi^d by th(‘ outlines bein^^ hollowed 
out ’ by the ^'raver so as to baivt; a rou^di surface for the 
enamel to adhen^ to. In tlu' Ciise of j^obl articl(‘s, the outlines 
are also cut out of thin slu'cts of metal and welded on to the 
base [)late by lu'at. ' 

The cells prepaivd in om‘ or otlnu* of these ways are then 
filletl with a thick paste of (mamel mass and lavtmdei* oil (or 
water) which is tired in the muffli^, and the operation is repeated 
until the cells are comphdely full of tlu; fused enamel, where- 
upon the surface is ^n-ouml and polisluMl. 

Similar iH*su!ts can be })roduced in a more direct way by 
pressing the fused enamel into shar})-e(h^ed metal moulds, 
setting the pieces in metal in a suif/able manner, and finally , 
heating the finished artich; until the enamel begins to fuse, 
grinding and polishing the surface when cold again. 

The so-called “ nnailJe cha7n})-levee ” is prepared by stamping 
a design with steel dies on sheet gold and filling the recesses 
with enamel, which is then fired. However, of all these 
methods, cloisonne is undoubtedly the best, on account of 
the durability of the product. 

Recipes for Enamels of Variolts Colours. 

Certain colours will not show up in their full beauty 
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unless applied on jj^ronnd layers of particular coin{)osition. 
.Red fr(ini gold jTurple is peculiarly sensitive in this respect, 
as is als^) the yellow produced hy antiniony preparations; ^ 
whereas cobaltous oxide and chromic o\idi‘ can 1 h‘ easily; 
brought into such a coifdition that tluw ar(' applicabh' to any 
enamel. This i-c^sult is obtained by luaiting tlu‘ said oxides 
•to a very high temperature, wlu'n'by tlu'y become almost 
entirely insoluble, proloiiged boiling in stroiiLi acids being 
necessary to etlect their solution. 

This property <)!“ th** two oxi(h‘s m (piestion can be utilised 
advantageously for producing durable colours on (manu'ls sub- 
ject to considerable W(Sir. In such ev(>nt the w round mass is 
painted over with chromic oxide or cobaltous o\id( strongly 
calcined ferric oxhlc behaves in a similar manner and a thin 
layeV of transparimt glaze or coma* (aianu*! is lii’ial ov(‘i it- 
The colours arc' then protect ed -likc* strong-tire umh'r- 
glaze colours in porcelain painting -by the* co\t'r (‘immeh, and 
cannot be corrodc'd until the latU-r is ent.irc'ly worn away. 
Of course the ground mass must Im' renderc'd opaijm', so*that 
the underlying mi'ial doc's not show llnough. 

In colouring enamel with gold purph', can- must be- Uikc-n 
to use none but ma.ssc‘s frec^ from h-ad or tin, otlu-rwise no 
purple will 1 h- produced 'the frit for this purpose- should 
be prepared frcRii Hint iii.-al, chalk, and borax, and is tluTe- 
‘ fore a glass colourc'd I'y means of gold purple. The* most 
suitable jiroportions for the- trit an-: silica d, calcined borax 
2, chalk 1 part, and, to obtain satisfactory n-sults, a minimum 
tiring tempendurcc must be employcMl, the gold being reduced 
• and'furnishyig only a discoloured brown if the heat b.^ too 

great. 

The-fi-it xenenilly iisol I'oi- y.-llow is prciiur.sl ilirect IVom ; 
antimony oxi<l.' 1 part, alum I, sal ammoniac^ (ammonium 
chloride) 1, ami lead oxide 1 to d parts. These inxredients are 
finely itowdered. intimat<dy mixe.l hy gri.idinx in Hinall 
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quantities in a mortar, and then slowly heated; the sal am- 
moniac is gradually volatilised in the form of dense white- 
, fumes, and when these have all disappeared the mas^ is ready 
for use and will furnish a yellow colour. It is fired witli a 
flux of silica, borax an<l lead oxide, in quantity equal to, or at 
most not exceeding double its own weight. All pigments con- 
taining antimony gi’ lead oxid(' n-quire oidy a small (piantity 
of frit. ^ 

The most handsome violet is obtainoil fi’om manganese 
dioxide, provided 'care be taken that no organic matter is 
present in the mass when fired, and that no retlucing gases 
obtain access; otherwis*^ tin; dioxide will be easily reduced 
and’give only a brownish colour in place of viol(*t. 

When, as frO(juently happens in (‘nanudling jewellery, 
small ([uantities of enamel have to be nudted befon; the blow- 
pip', the various pr(?p('a‘ties of tlu* enamel masses and the 
contained' })igments must be suflicii'utly borne in mind. As 
already desci'ibed, the inner blowpipe flame has a powerful 
reducing action, only the outer llanu' being an oxidising one ; 
consetpiently the latter alone must lx* used in enamelling, 
except in a few rare instances, such, for example, as when jv 
green (ferrous oxid(') enamel or a cuprous oxide red mass is to 
be fired. In such cases the oxidising flame would convert the 
ferrous or cuprous oxide into the ferric or cupric state, and 
would change the green of th(' former to brown red and the 
red of the cuprous oxide to green. 



AITHN'DIX. 

.DIM, dX' 

The art of covering plates ot metal with onanu'l is of ^M*oat an- 
tiquity ; it was practiml hy th(‘ l^i^yptians, aiul 1)\ thiun probably 
transinitted to the (ireoks and Homaus. Several ancient spiv'iixiens 
of curious workmanship prove its cKistimce in Britain at a* very 
ear^y pei'iod. ft was formeily omjiloyed chiclly for ornainental 
purposes, but since the invimtion of clocks and watches its usefulness 
has been proportionately increased. For^clocks and dials there is 
probably no substance that could he suhstituti'd tliat can equal 
enamel in permanence and heaut\ The art of dial-[)late enamelling' 
is divided into two hi .inches, namelv hard enanKiHimi and soft or 
(flass enamcllin<j. In the liist branch th(' Ihnrtniit enamels are 
chiefly employed ; in the last the Enijlmh or y/ass enamels.* The 
practice of hard eiiamelhn*' requires more skill, time anil labour 
than the others, and is conwiqiiently the most e.steemed. The 
metals to be enamelled on^are usually ^old, silver, oi’ copper, but, the 
process being similar, one description will sutlice. 'fhe copper, 
which is the metal usually employed, being evenly flattened in long 
slips and to a, proper thickness, pieces are cut olf for use according 
to the size waiited, they are then annealed in a clear lire in order 
to make tlwm suflioiently pliable to take the required forms 
wh 4 ch are given to them by means of brass dies. A complete set 
of dies Varies in size from about three-fourths of an an inch to two 
inches and a half, the gradations lining very small. The copper 19 
next placed on the die liest adapted for the purpose *and the eye or 
centre hole is made with a small round-headed punch and smoothed 
im) 
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with a grained file, it is then again placed on the die and pressed 
gradually open till it nearly fills the hole with an oval burnisher; it • 
is afterwards pressed tighter into the hole with a round bfroach the 
Jiurr being occasionally taken off by the file, and care employed to 
prevent the eye from cracking. The pifnch, burnisher, and round 
pin are all of steel, the two latter taper in regular gradation towards 
the handles. When the eye is completed, the edge of the copper is 
cut round so as to leave a small part projecting beyond the die, 
which is then turned up or burnishfid against ^the edge of the die, 
the copper being fir^y. laid smooth and flat by the burnisher. The 
copper is then gi’adually set up to the convexity or height required 
by rubbing it gently yet firmly with a bent or setting spatula formed 
of a thin slip of steel about five inches long properly fixed, after 
which the feet are soldered on. The inconveniences that attended 
the use of plain copjier wire soldered with spelter (zinc) for* the 
feet are now entirely obviated by employing copper wire plated 
with silver. The feet must be cut liy fixing an iron peg into the 
work board, and the [lieces of plated wire being held against it, it 
will l^G found to form a very good resistance against the action of the 
file. It should lie observed that, if coppers are to be made for flat 
plates, the feet should be filed at right angles, but if the plates are 
convex they should be filed at an angle as nearly as possible 
corresponding with the curve formed in the hollow part of the 
copper, because, when the foot is placed on the copper, it will be 
found to stand perpendicular to the base Jine or edge of the copper. 
In order to make the feet remain in their places and facilitate the 
soldering, the end of each foot before putting it on the copper, 
which is done by means of a pair of corn tongs or tweezers, is 
dipped into a slight wash of borax and water through \<hich it adheres 
with sufficient force to admit of its being exposed to th« power of the 
blowpipe. The lamp in common use contains- from a pint to a 
quart of oil, and has a cylindrical spout projecting aboiit three 
inches, being an inch or more in diameter. This space is filled with 
cotton whichl being lighted, a strong flame is produced. The 
copper is carefully placed upon a piece of solid charcoal long 
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enough to be held in the hand, and the tiaine IxMug jluMi })roi)elled 
by the blowpipe against the solder or silveied wire as the case may 
be, the t'»*et are himly united to the copper. The whole is then ^ 
thrown into the pickling pan in order to fiee it iiom the scale o*- 
oxidisable covering acijuifed from the heat Idu' (u^pjau's lieing 
thus prepare^:!, th(‘ next process is that of enamelling propeil\ so 
called. The operations of hai d enamelling and glass ('iiainelling are, 
to a certain extent, the same. Where tlu'y are dithTi'iit we shall 
describe the diffenmci' as we*proc(*ed. The enamel, as it comes 
from the makers, is generally in small cakc's li^in tom to live or six 
inches in diameter. It is first broken with a haminei and then 
ground in a mortar and moistimed with water, aftei which tlu' cop- 
pers, having lieen tiist cli'ansial by the pickle and c.iiefull\ binsh(‘d 
out with water, are sjiu'ad laitedowinvardsover a soil cloth or smooth 
napkin, and a thin laver ot haul enamel, called in its gioiind state 
the backing, Is spread over the iiiuhs subs with the end of a (juill 
properly cut or w'lth a small hoiu* spoon.* d’he coppeis aie then 
slightly pressed on by another soft cloth or na})kin, wdnch, by 
imbibing some portion of the watei, reiuhns the enamel sutlici/;ntly 
dry to be smoothly and livenly spread with the lounded side of a 
steel spatula The next operation is to spiead a layer of glass 
■enamel over the uppei sidi's of the copjieis calhsl the first coats. 
In doing this the suiface is liist brushed slightly over W'lth a small 
camel-hair brush or a hare’s loot to leniove any diit or extraneous 
particles of enamel, as the^mixtuu; ol an\ hard enamel with the 
glass would infallihlv spoil the woik. The glass is then spread 
upon the coppers in a layer, the thickness of which is commonly the 
same as the height of the edge and eye. The water is afterwards 
slightly absorbed with a clean napkin smoothly folded, and the 
enamel spreati by a t\un fat spatula till all unevenness is removed 
and .the surface lies regulailv from edge to centre. The next 
department is*yi?'/?n/, as it is technicallx called, which consists in 
melting it till it becomes one uniform mass on the surface of the 
copper. In doing this, the first coats are placed upon rings which 
are generally madfiof a mixture of pipemakers’ clay and Stourbridge 
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clay polled up. into the form of cylinders and turned in a lathe by 
means of a cylindrical piece of wood forced through the centre of. 
^ the mass when wet. They are next put into a shallow»tin vessel 
called a tin cover whicli is either made square or round according to 
the fancy of the artificer, and is commonly about three-quarters of an 
inch in depth. All the moisture is then slowly evaporated from 
the enamel by placing the cover upon a Geirnan stove or in some- 
other convenient situation near a fire where the evaporation can be 
properly regulated. The firing is elcecuted beneath a mutfie placed 
in a small furnace igy ited with coke and charcoal. The furnace being 
drawn up to a sutticient heat b) means of a register, the first 
coats are taken separately from the tin covers and placed upon thin 
planches of clay or iron chalked ovei*, and gradually introduced 
beneath the niutlle, where, in a very short time, the enamel melts 
or runs, and, becoming properly consolidated, the first coat is com- 
plete. A second layer of ground enamel is then gently* spread with a 
quill and prepared for liring by the najikin and spatula as before, 
after which the second coats are placed upon the rings, and the 
moisture being evaporated m the tin cover, they are ready for a 
second fire. This requires an equally cautious management as the 
former one. The plates must not be ovei fired nor must the heat be 
sufiered to melt the enamel too rapidly, hut a kind of rotary motiorf 
called coddling must be given to the work by holding the loaded 
planch lightly with the tongs, and gently drawmg the edge of it 
towards the mouth of the muftle, and then returning it to its former, 
place till the fusion be complete. The work is now in a tit state 
for polishing, technically called using oft. This is pel formed by 
rubbing the surface of the plate on a grit stone with fine sand and 
water until all the glazed ajipearance is completely obliterated, and 
one uniform and equally rough surface is produced, t The intention 
of this part of the process is to remove the mottled appearamie on 
the surface and give a more equal convexity to the plate. * 
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HARD ENAMFJJJNCi. 

The I'oref^oing is an outline of the process for ^dass enamel ^ 
plates. The firing of the Venetian hard enamel is much the same^ 
but the heat applied to nfelt it must not be so great, and the plate 
must be taken from the fire as soon as the enamel is found to form 
one tolerably compact bod\, as any longer contmiiance would have 
a tendency to spoil the inpMided shajie of the plate which is always 
considered a most essential (jifahty in those oi hard (Mianu‘1. The 
heat for finishing may be ratlu'r more than tiuit usisl in the first 
fires, as in that instance the intention was only to iinito the jiarticlos 
of the enamel into oni*, solid mass; hut the principal object in 
finishing being to raisi' the flux to the surface as much as possible, 
a greater heat may be used with advantage, but the plate must be 
taken from the furnace the instant that the surface appears bright 
and glossy. * Where good V(m(‘tian enamel cannot be obtained 
and miAtures of various kinds aie resorbsl to, it fre(|uen|.ly happens 
that the glass enamel plates crack when tlie\ aie brought to the 
second fire. When this is the case, as soon as the ciack is observed, 
the plate must be withdrawn fiom thi^ fire, and if it extends only 
from the centre hole to the (slge it will m most cases bear mending, 
'but if it has happened in two or thns; plaiM-s it will be useless to 
make the attempt, as it will laiely succeed If the dial-i)late was 
to continue in the fire after it is cracked a sufficient time, the 
enamel would close and thp plate become sound again . but as the 
copper on its surface is in a state of oxidation, thi^ oxide of copper 
uniting with the ‘enamel would rise to the upper surface of the 
plate, producing by its union a faint and sometimes a dark-green 
line which woifld evidently .lender the plate useless. The operator 
therefore mu»t observe the time when the crack hits opened to its 
greatest width, and before it unite or close at the bottom the plate 
must b^ withdrawn from the furnace and allowed to cool. The 
opening must then be filled with fine enamel laid sufficiently high 
to allow for its running down in the fire, but to adjust the quantity 
80 as to prevenUthe appearance of a seam across the plate, will 
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require much Judgment and, indeed, however well the ope — — . 
may succeed, it will still remain visible. * 

The method of painting in enamel is performed on •plates of 
gold, silver, and copper, enamelled with the white enamel whereon 
they paint with colours which are melted ^n the fire, by which they 
acquire a brightness and lustre like that of glass. Thi^^ painting is 
the most prized of all for its peculiar brightness and vivacity which 
is very permanent, the force of its colours not being efi’aced or 
sullied with time as m other paining, and continuing always as 
fresh as when it canje out of the workman’s hands. 
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Cooling, ertect of, on glaHs and 1 Enamel, cracks in, 162. 

enamel, lli — crucibles for, 104-8, 113. 


Copper, colour reactions of, 85. 

— enamel for, 171. 

Cover enamel, 102. 

, - enamels, composition of, 
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( razing, remedy for, 130. 
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167. 
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INDJiX 


Tviiaineiiing aiai-piates, li.:', 173. 

. — preparing the ware, 137-12, 
170. 

— proce.sH, 14;i-5, 152-4, 1()3, 1<)4, 

1 ? 0 . 

— specialties in, l(iS-73. 
Knaniels, durability of. H, <). 


.• F. 

P\dHpar cover enanuds, li>2 

— for duxes, 45. 

- lead oxide en.iiiiel, 125 • 

Ferric alunmiale {i.giiifiiit , 57 

— oxi(l(‘ pigment, 55, 72 
Ferrous oxide pigment. (>2, (>3 
Firing coloureil enamels 17*5 

— cover enaimd, 152 1, lo.>, l(il, 

J70 

— ground enaimd, I 51, Ki^l, 

Ltil. 17<> 

Flint. Sn' Silica 

Fluor spar for fluxes, 42. Id 

Fluxes for enamels .Id- K) 

Fuel, 00-1)3 

Furnace for (luait/, 21, 22 
Furn.ices, simdting. lOH 12 
Fusibility of en.uiiel masses, 
modifying. 120, 120, 130 13.>, 
148, 140, 175 
Fusible enamels 175, I7<* 

— ground eiiaimds, 124, 12.> 
•frbisioii tests foi d(‘C(doi .lilt'', 70, 4-'^ 

— — fdi m.iteiials and 

eii.amel m.ls^, 7** '*^7 


G- 

<i;ls fuel, '.IL' 

— mu flies, 140-al 

Glass, beliaMoui on r\])osijre (<> 
atmos|4iere, 0 

- compositi<4n .and jiiopeitic', 

of, 0-13 

cullet fd^ fluxes. 40 
, 111 cover enamels, 132 4 
-- iiidiflerence to chemic.d'', H 
Glauber s*alt, 2?. 

Glaze, iron, 108. 
mills, 05. 
iS5;c Cover enamel 
Gold })igments, 5f)-02. 


• 191 

Granite ware, 100. 

Green enamel, 178. . 

pigments, 48, 02-5, 

Grinding enamel masses, 118. 

fpiartz, 22. 

Ground enaimd. 102. 

enanud.s, composition of, 

12.3-7, 100, 170. 

1 psmn b»r fluxes, 45 


' H. 

lli'at, «.dlect of, on glass, 11 
Histoi\ of eii.unelbng, I 3 
Hs.ible, 15 . 


I 

I mpni it les ni ( I i\ , G 

leail oxidd, 31 
w.iter, 80. '.Ml 
w lute le.id. 33 

test Ulg tol. 7‘.Ot<7 

I I nil, ( oldfli icact Ions (il , HO 

till cii-uael u.'u I . lOH Id, 15H- 
00 

gl,i/e, I OH 

iiiipin it irs in cl.i\ ,11 * 

liiiK'slonc, 2H 
walei. HO. !MI 
in eob.'ill pigment', 70 
o\ ide in tpi.ii I /,. 1 H 

pigments ’ h'erric 

ami tel 1 oils (ix idi'H. 
ntmisds, enaiin Is fm', 125, 
120 


J. 

.feutdleiy enaimd, 175. 170. 1H2 


K. 

Kaidni for fluxes, 13. 

Kelp, 20 

L. 

* 

L -ad anlimonate pigment, 53. 
— colour re.ictions of, 80. 



192 ' 


ENAMELS ANp ENAMELLING 


• 0 


Lead compounds for enamel, 30-3. j 
— . — injurious in technical 
enamels, 129. i 

— ghiss group, 7. ' 

— — in enamel, 11. 

— . — low resistance of, 10-1. 

-- preparations, testing, 84. 

— sulphate, 33. 

Leadless cover enamel, 131, 171. 
Light, effect of, on glass, 12. 

Light purple pigment, 00 
L^nite fuel, 91. • 

Lime, 27. 

— glass group, 7. 

Limestone, 28, 29. 

Litharge, 31. 

M. 

Magnesia, 30. 

Magnesium carbonate, 30. 

— sulphate, 30. 
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— dioxide as a decolorant, 2, 

74, 75. 

— ^n colialt pigments, 09. 
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N. 
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15, 35-8, 128-30. 

Opal, 16, 

Opacjue glass group, 8. 

Orange pigments, 49, 62-3. 
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Painting on enamel, 178. 

Panstone, 27. 
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Pickling, 140-1. 

— materials, 93. 
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- colour reactions of, 86. 
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- gold, 58-01. 
green, 48. 62-0. 
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maugaueso dioxide, 70-2 
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— j)ur})lo, .59-61. 
red, 48, 57-61. 
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— smalt, 68-9. 
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— testing, 85. 
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Pipeclay for fluxes, 44. 
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132. 
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— sherds for fluxes, 45, 46. ' 

Potash, 24. 

— sulphate of, 24. 

Potassium antimonite pigment, 

52. 
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Pyirple enamel, 181 . ^ 

. — .of oiBsius, 59. 

•— pigments, 59-(U. 

Q. 

Quartz, purifying, 18. « 

— sand. >SV(* Silica 
— See Silj(M\. 

Quenching enamel mas.ses, 117. 

— <iuartz, 20. 


R. . 

Ked enamel, 181. 

— lead, 82 

— pigments, 40, 57-01. 
Re-eiiamelling (»ld ware, 140. 
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Repairing defects, 155-() 
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s. 

Saltpetre as a decoloraiil, 74, 78. 
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^ 100 
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by, 19 

Sheet metal ware, (‘namelling l.>8, 

109, 171. 
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— * testing, 88 
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Silver, colour reactions of, 80 
~ oxide pigment, 54. 
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— a.s a decolorant, 121, 122. 
Smelting, electric, lll*-2. 

— enamel masses, 104-18, RIO. 
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— “ enamel. " 2f) 
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— chloride, 25 
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Uianiiim, colour reactions ot, 80, 
oxide jugment, 50. 


V. 

Violet enamel, 188 * 

pigments, 49, 71. 
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W. i ' ■ " 
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